Paediatric ear disease and hearing loss in the Solomon Islands by Kaspar, Annette
i 
 
 
 
 
 
 
Paediatric Ear Disease and Hearing Loss  
in the Solomon Islands 
 
 
Annette Kaspar 
BAs(Asian Studies), BSc(Microbiology), MAudSt, Grad Dip Intl Hlth, MPubHlth, MASA(CCP) 
 
A thesis submitted for the degree of Doctor of Philosophy at The University of Queensland in 2019 
School of Health and Rehabilitation Sciences 
 
 
 
 
ii 
 
Abstract 
 
According to the World Health Organisation (WHO), around 90% of the global burden of hearing loss 
is found in Low- and Middle-Income Countries (LMICs).  It is estimated that 75% of childhood 
hearing loss in LMICs is preventable.  Otitis media (OM) and infectious diseases that may be avoided 
through immunisations are the leading causes of preventable hearing loss in children.  Given the well-
known adverse effects of hearing loss in childhood development, the WHO is leading global efforts to 
address the burden of hearing loss in children through public health measures.  Newborn and Infant 
Hearing Screening (NIHS) and school-based hearing screening programmes are key strategies that 
should facilitate early identification and intervention for children with hearing disorders. 
There is very little in the audiology literature on childhood hearing loss in the Pacific Islands.  Yet, this 
region is estimated to have among the highest global burden of OM and disabling hearing loss.  The 
limited literature indicates that OM begins early in life, and may quickly progress to advanced/chronic 
stages of disease and potentially fatal complications.  Ear, Nose and Throat (ENT) and audiology 
services are virtually non-existent throughout the Pacific Islands, and public health measures such as 
community ear/hearing screening programmes may be a feasible option until more sophisticated 
ENT/audiology services become available. 
The Solomon Islands are a Pacific Island nation that is currently developing the outreach service of the 
ENT Clinic at the National Referral Hospital in the capital city, Honiara.  The present study was 
developed to assess community engagement and readiness for ear/hearing screening programmes for 
children, as well as to assess the prevalence of OM and hearing loss among children in Honiara.  
Should the results of the study indicate that OM and hearing loss are a significant public health issue 
among children, and that caregivers are supportive of ear/hearing services, the recommendation for 
routine community-based ear/hearing screening programmes in Honiara will be justified. 
Parental knowledge and attitudes to childhood hearing loss and hearing services was assessed through 
semi-structured interviews with 150 parents attending community clinics in Honiara.  The highest level 
of  parental knowledge found regarding causes of hearing loss was for OM (94%).  Knowledge of 
routine childhood immunisations (84%) and breast-feeding (76%) as public health measures to 
reduce/prevent OM were also high.  The knowledge of fathers was generally the same or better than 
that of mothers.  Approximately half of participants (56%) agreed that curses may cause childhood 
hearing loss.  There was high parental support for infant hearing screening programmes (96%) and 
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school-based ear and hearing health examinations (99.3%).  Overall, the results of the study showed 
excellent community support and readiness for community-based ear/hearing services. 
The WHO recommends that NIHS should be the goal of all member states.  In the Solomon Islands 
context, an interim infant hearing screening programme was assessed through ear examination and 
administration of the JCIH Risk-Factor Questionnaire (Developing Countries) to 288 infants attending 
Child Welfare Clinics in Honiara.  Overall, 150 infants (52.1%) presented with bilateral normal ear 
examinations and no risk-factors for sensorineural hearing loss.  There were 73 infants (25.4%) with 
ear pathology in at least one ear, 13 (4.5%) of whom required referral to the ENT Clinic for medical 
management.  The most common pathology was Otitis Media with Effusion (OME) (21.9%).  There 
were 71 infants (24.7%) with at least one risk-factor for sensorineural hearing loss.  The most common 
risk-factors were ototoxicity (8.3%), non-elective caesarean delivery (6.6%), and possible in-utero 
syphilis infection (5.6%).  The results of the study indicated that implementation of an interim Infant 
Ear and Hearing Programme is warranted. 
The WHO recommends school hearing screening programmes to address the burden of OM and 
hearing loss among primary school students.  A total of 604 government and non-government primary 
school students in Honiara were seen for school-based ear examinations.  Students who did not pass 
their screening assessment were referred to the hospital ENT/Audiology Clinic for further assessment 
and intervention.  A total of 342 students (56.6%) did not pass their school-based ear examination.  The 
most common pathologies were OME (34.2%), impacted cerumen (22.8%), and Chronic Suppurative 
Otitis Media (CSOM) (3.1%).  The follow-up attendance rate at the ENT/Audiology Clinic was 81.1%.  
Among students with OME in at least one ear, 50% failed audiometry in the affected ear.  The results 
of the study indicated that the implementation of School Ear and Hearing Programmes is warranted. 
Overall, the present research project found that there is high caregiver support for community-based 
ear/hearing services for children.  The prevalence studies of OM and hearing loss among infants and 
primary school students in Honiara indicated that OM is a significant public health problem in the 
Solomon Islands.  The implementation of Ear and Hearing Programmes for infants and students is 
recommended to address the burden of ear disease and hearing loss in the country.  The results of the 
present study may be translational to other Pacific Island nations, where the prevalence of OM is high 
and formal audiology services are limited or non-existent. 
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CHAPTER 1: INTRODUCTION 
 
1.1 Organisation of thesis 
 
The thesis is presented as a series of published research articles.  The first chapter provides an 
introduction to the thesis, and consists of a modified version of the published literature review and 
modified versions of the introduction sections of the published research papers.  These modifications 
were made to ensure the literature review is comprehensive and current.  Chapters two to four consist 
of the published research articles that have been written as stand-alone journal publications.  The fifth 
and final chapter provides the conclusions, general discussion, implications, and recommendations 
arising from the three research articles.  There will be some repetition of concepts and citations across 
the chapters, however, they are framed in a manner that is relevant to that section or chapter.  The 
appendices consist of the ethical approval documentation, as well as the procedure and protocol 
manuals that were published as supplementary material in conjunction with their corresponding journal 
article. 
Please note that although journal articles were published as “prevalence” studies, the term “rate” will 
be used throughout the thesis, as this term is a more accurate description of the study results. 
1.2 Introduction 
 
According to the World Health Organisation (WHO), 90% of the global burden of disabling hearing 
loss is found in Low-and Middle-Income Countries (LMICs) (WHO, 2018d).  Approximately half of 
these hearing disorders are considered preventable through public health measures (Abdalla & Omar, 
2011; Ogunkeyede, Adebola, Salman, & Lasisi, 2017; WHO, 2018a).  The 2018 WHO estimates on the 
global prevalence of hearing loss stated that children represent 34 million (7%) of the 466 million 
people living with disabling hearing impairment worldwide (WHO, 2018d).  Given the well-known 
adverse effects of hearing loss on childhood development, the WHO played a leading role in addressing 
childhood hearing loss under the United Nations Millennium Development Goal Project (2000-2015) 
(Olusanya, 2007; Olusanya & Newton, 2007; Olusanya, Ruben, & Parving, 2006; A. W. Smith, 2001, 
2003).  The WHO continues to lead global efforts under the Sustainable Development Goal (SDG) 
Project (2016-2030), where there is a greater focus on both child survival and child development 
strategies (Chadha & Cieza, 2018; Olusanya, Neumann, & Saunders, 2014; WHO, 2016a; Wilson, 
4 
 
Tucci, Merson, & O'Donoghue, 2017).  These efforts will not only reduce the global burden of 
paediatric hearing loss, they will also make a positive contribution to major international public health 
initiatives. 
The WHO estimates that 75% of the childhood hearing loss found in LMICs is preventable (WHO, 
2018a).  The major causes of avoidable hearing loss in children are infectious diseases (31%), birth-
related causes (17%), and ototoxic medications (4%) (WHO, 2016b).  Otitis media and life-threatening 
infections that may be prevented through immunisations are the leading causes of childhood hearing 
disorders in low-income settings (DeAntonio, Yarzabal, Cruz, Schmidt, & Kleijnen, 2016; M. G. Li, 
Hotez, Vrabec, & Donovan, 2015; Monasta et al., 2012; WHO, 2016a).  The high prevalence of OM in 
LMICs has long been known to be related to public health issues such as malnutrition, poverty, and 
lack of access to medical care (Berman, 1995).  An improvement in public health levels and greater 
accessibility to primary health care services should reduce the burden of paediatric hearing loss, as well 
as contribute to achieving improved child health and survival outcomes.  The WHO and the United 
Nations Children’s Fund (UNICEF) currently offer a number of existing platforms for the development 
of ear and hearing services in LMICs under the Sustainable Development Goal project. 
The Pacific Islands present a unique challenge to hearing health advocates and international health 
development professionals (Figure 1.1.).  The United Nations classifies Pacific Islands as Small Islands 
Developing States (SIDS), and the obstacles to sustainable development in these nations include low 
resources, growing populations, geographic isolation, limited resilience to regular natural disaster 
events, and high costs for energy, infrastructure, transportation, and communication services (UN, 
2018).  These unique challenges require innovative strategies for Pacific Island countries engaged in 
partnerships with the WHO and the UNICEF in addressing the major health issues in their 
communities.  Under the SDG Project, a priority area for the WHO and the UNICEF in the Pacific 
Islands is childhood health and education (UNICEF, 2018; WHO, 2018c). 
There is currently very little in the literature on childhood hearing loss in the Pacific Islands (Kaspar, 
Kei, Driscoll, Swanepoel, & Goulios, 2016).  The most recent global reviews on hearing loss did not 
include any information on Pacific Island nations (Pascolini & Smith, 2009; Stevens et al., 2013; Tucci, 
Merson, & Wilson, 2010).  Yet, the WHO estimates that this region has among the highest global 
burden of hearing loss worldwide (WHO, 2018d).  The WHO Asia Pacific region is estimated to have 
the third highest global prevalence of disabling hearing loss (6.9%), and the second highest prevalence 
of disabling hearing loss among children (2%).  The report also noted that the prevalence of childhood 
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hearing loss increases as the national income and parental literacy levels decrease.  A review of the 
literature suggests that a significant proportion of hearing loss in Pacific Island children is due to 
preventable causes such as OM, impacted cerumen, and meningitis (Table 1.1.) (Kaspar et al., 2016).      
 
 
Figure 1.1. Map of the Pacific Islands 
 
The WHO recommends the implementation of routine hearing screening programmes for infants and 
school students in order to reduce the burden of hearing loss in LMICs (WHO, 2010, 2016a). This 
recommendation is a challenge for the Pacific Islands where audiology services are currently limited or 
non-existent: no audiologists in the Pacific Islands, and ENT Specialists in Fiji and Samoa only  
(Sanders, Houghton, Dewes, McCool, & Thorne, 2015)  Interim measures that lay a foundation for 
more sophisticated audiology programmes in the future should be considered (Table 1.2.) (Tucci et al., 
2010).  In view of the status of childhood hearing loss and hearing services in the Pacific Islands, the 
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SDG Project offers a platform for the implementation of  community-based ear and hearing screening 
programmes for children through current WHO and UNICEF initiatives.  Addressing the burden of 
childhood ear disease should reduce the prevalence of avoidable hearing loss in children in the Pacific 
Islands, as well as positively impact on the WHO and UNICEF child health and education outcome 
goals for this region. 
 
Table 1.2. Recommendations for low-income countries for addressing the burden of hearing 
impairment (adapted from Tucci et al., 2010). 
1 Assess burden of disease and disability to gauge major causes of hearing 
impairment by region, socioeconomic category, and other factors (cultural) 
2 Develop educational campaign for general public regarding: 
Healthy practices, particularly during pregnancy 
How to assess children’s hearing (developmental milestones and observation of 
response to sound) 
Importance of avoiding consanguinity 
Availability and importance of vaccinations 
3 Develop educational program for health practitioners regarding: 
Hearing assessment (in office or field) 
Language developmental milestones 
Ear examination and treatment of ear infections and cerumen impaction 
Importance of vaccinations (especially rubella and measles) 
Avoidance of noise and ototoxic medications 
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Table 1.1. Description of Journal Articles included in Literature Review 
 Year of 
publication 
Country Study Design Study 
population 
Age range 
(years) 
Sample size (n) Definition of hearing 
loss 
Reported result(s) 
1 1970 Guam Convenience 
sampling 
Schoolchildren 8-19 1541 Threshold >20 dB at 
one or more 
frequencies 500-
6000Hz. 
N.B. Unclear whether 
one or both ears 
Prevalence of hearing loss: 16.8% 
2 1981 Papua New 
Guinea 
Editorial 
review of 
unpublished 
reports 
Randomly 
selected 
subjects from 
Asaro Valley  
“Under 5” 
and 5-14 
Unclear No definition 
provided. 
Significant difference in OM 
prevalence rates between urban 
and rural children. 
3 1983 Papua New 
Guinea 
Convenience 
sampling 
Grade 7 and 8 
students 
Mean=14 430 50 dB=mild 
60 dB=moderate 
70 dB or greater = 
severe 
N.B. unclear whether 
one or both ears 
Prevalence of hearing loss: 1.4-
15.4%, overall 6% 
4 1985 Micronesia 5 point 
prevalence 
studies, 
convenience 
sampling 
Well-baby 
clinic, primary 
and secondary 
schools, 
agriculture and 
trade school 
0-24 Well-baby 
clinic:56 
Primary: 334 
Secondary: 280 
Trade:109 
No definition 
provided 
46-47% of well infants showed 
evidence of OM. 
74% of ears visualised were 
within the normal range, 16% 
showed extensive past disease, 
8 
 
mild present disease, or active 
disease. 
5 1986 Solomon 
Islands 
Convenience 
sampling 
Children 6-14 Total: 505 
Munda: 244 
Paradise: 261 
No definition 
provided.  
Testing performed 
using 500, 1000, 
2000, and 4000 Hz. 
Prevalence of hearing loss: air-
bone gap measured in 3.5% of 
children in Munda, 15% in 
Paradise 
6 1988 Easter 
Island 
(Chile) 
Unclear, 
sample 
represents 
88% of 
children aged 
5-9 years 
Children 5-9 220 No definition 
provided 
200 subjects showed normal 
audiological and anatomical 
results 
7 1989 Guam Convenience 
sampling 
Schoolchildren Not 
specified 
1158 Threshold >20 dB at 
one or more 
frequencies 500-
6000Hz. 
N.B. Unclear whether 
one or both ears 
Prevalence of hearing loss: 33% 
8 1989 Hawaii, 
Samoa, 
Papua New 
Guinea, 
Guam, 
Micronesia 
Literature 
review 
(published 
and 
unpublished 
reports) 
Children Not 
specified 
Not specified No definition 
provided 
Only published report was from 
Guam (Article 1) 
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9 1990 Micronesia, 
Republic of 
Belau, 
Marshall 
Islands 
Review of 
published and 
unpublished 
reports 
Children Not 
specified 
Not specified No definition 
provided 
High rates of middle ear disease, 
with regional variations 
10 1990 Guam and 
Micronesia 
Review of 
published and 
unpublished 
reports 
Children Not 
specified 
Not specified No definition 
provided 
Improvement in services, 
however, services remain 
inadequate 
11 1993 Republic of 
Palau 
Clinical case 
series 
ENT 
outpatients 
Mean=13.
2 
73 No definition 
provided 
Early onset otorrhea (mean=2.5 
years) 
12 1994 Vanuatu Prospective 
clinical case 
series 
Inpatients 
diagnosed with 
bacterial 
meningitis  
Unclear, 
but mostly 
0-14 years 
65  
(8 subjects ≥ 15 
years) 
 
No definition 
provided.  Testing 
performed using 
distraction testing and 
tuning fork tests. 
Prevalence of hearing loss: 32.2% 
13 1994 Western 
Samoa 
Convenience 
sampling 
2 schools for 
the 
handicapped 
4-25 School 1=20 
School 2=18 
Average 500, 1000, 
2000, and 4000Hz 
≥26 dB in the better 
ear   
Prevalence of hearing loss: 
School 1=70% 
School 2= 29.4% 
14 1995 Papua New 
Guinea 
Clinical case 
series 
ENT 
outpatients 
with clinical 
history of 
hearing loss  
All ages, 
children 0-
15 
Total=1150 
Children=459 
 
3FA 500, 1000, 2000 
≥26 dB in the better 
ear   
Prevalence of hearing loss: 
42% 0-5 years 
39% 6-10 years 
19% 11-15 years 
15 1995 Papua New 
Guinea 
Clinical case 
series 
ENT 
outpatients 
with OME 
4-16 100 3FA 500, 1000, 2000 
≥26 dB in the better 
ear   
Prevalence of hearing loss: 38% 
normal hearing, 45% mild hearing 
loss, 17% moderate hearing loss 
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16 2004 Hawaii Convenience 
sampling at 
randomly 
selected 
schools 
Schoolchildren 
from preschool 
to third grade 
Mean=5.7
6 
359 No definition 
provided 
Significant difference in 
tympanometry measures between 
native and non-native Hawaiian 
children 
17 2005 Papua New 
Guinea 
Prospective 
clinical case 
series 
Survivors of 
bacterial 
meningitis 
Mean=27.
4 months 
80 No response to sound Prevalence of hearing loss: 29% 
18 2006 New 
Zealand 
Prospective 
cohort study 
2-year-old 
children living 
in New 
Zealand where 
at least one 
parent 
identified as 
Pacific 
Islander 
2-year-old 
children 
1001 No definition 
provided 
OME found in 25.4% of subjects 
19 2007 New 
Zealand 
Prospective 
cohort study 
2-year-old 
children living 
in New 
Zealand where 
at least one 
parent 
identified as 
Pacific 
Islander 
2-year-old 
children 
656 No definition 
provided 
Significant risk-factors for OME 
were various respiratory, auditory, 
and environmental risk factors 
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20 2007 Papua New 
Guinea 
Retrospective 
study of 
clinical cases 
ENT 
outpatients 
presenting 
with CSOM 
complications 
1993-2006 
4 months 
– 73 years 
(mean=21 
years) 
43% of 
subjects 
≤16 years 
 
70 No definition 
provided 
Clinical presentation at advanced 
stages of CSOM 
Lack of public health awareness 
Inadequate healthcare delivery 
system 
21 2010 Papua New 
Guinea 
Retrospective 
study of 
clinical cases 
ENT 
outpatients 
with 
intracranial 
complications 
due to middle 
ear 
suppuration 
1993-2007 
0-31 years 
 
0-10 
(n=10) 
11-18 
(n=9) 
18-31 
(n=13) 
32 No definition 
provided 
Prognosis is worse with delayed 
presentation 
22 2012 Fiji Prospective 
clinical case 
series 
Survivors of 
meningitis 
1 month – 
5 years 
33 Average threshold 
≥26 dB in the better 
ear   
Prevalence of hearing loss: 5/33 
subjects with SNHL 
23 2015 Cook 
Islands, Fiji, 
Niue, 
Samoa, 
Tokelau, 
Tonga 
Literature 
review, 
corresponden
ce with 
service 
providers, 
census data 
Population of 
selected 
Pacific Island 
nations 
5 years 
and older 
Not specified 4FA 500, 1000, 2000, 
4000 ≥36 dB in the 
better ear   
Prevalence of hearing loss: 
≥20 dB HL 27% 
≥36 dB HL 10% 
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1.3 Paediatric hearing loss in the Pacific Islands 
 
The introduction of successful ear and hearing services for children in the Pacific Islands begins with 
an assessment of the prevalence and aetiology of hearing loss among this population.  A review of the 
literature revealed a growing body of information on paediatric hearing loss from LMICs, however, 
comparatively little is known from the Pacific Island region (Kaspar et al., 2016). 
1.3.1 Childhood conductive hearing loss in the Pacific Islands 
 
1.3.1.1 Otitis Media 
 
Otitis Media (OM) is the most common cause of conductive hearing loss among children worldwide, 
and the burden of OM is greatest among children in LMICs  where it is a significant cause of disability 
and mortality (Daly et al., 2010; DeAntonio et al., 2016; M. G. Li et al., 2015; Mahadevan et al., 2012; 
Monasta et al., 2012; Penido, Chandrasekhar, Borin, Maranhão, & Testa, 2016).  OM is known to 
adversely impact the whole family unit, as well as the affected child (Crawford et al., 2017) In addition 
to the public health factors stated above (i.e., malnutrition, poverty, limited access to medical services), 
the greater prevalence of OM in low-resourced settings is further due to compromised immunity, early 
bacterial colonisation of the nasopharynx, limited access to immunisations, inadequate antibiotic 
treatments, exposure to tobacco smoke, poor hygiene, and crowding in household environments 
(Berman, 1995; Master, Wilkinson, & Wagner, 2018; Sartori et al., 2017).  The severity of the hearing 
loss associated with OM is reported to be mild to moderate in over 50% of cases, and it may become a 
permanent sensorineural hearing loss without appropriate medical attention (de Azevedo, Pinto, de 
Souza, Greco, & Gonçalves, 2007; Ezeanolue, Okafor, & Obiakor, 2003; Kasliwal, Joshi, & Pareek, 
2004; Singer, Awad, El-Kader, & Mohamed, 2018; WHO, 2004).  Progression to advanced stages of 
OM may have severe, even fatal, consequences in LMICs (Akinpelu et al., 2008; Emmett, Kokesh, & 
Kaylie, 2018; Jain, Arora, Meher, Passey, & Bansal, 2017; Kangsanarak, Fooanant, Ruckphaopunt, 
Navacharoen, & Teotrakul, 1993; Magsi, Jamro, & Sangi, 2012; Maranhão, Andrade, Godofredo, 
Matos, & Penido, 2014; Maranhão, de Andrade, Godofredo, Matos, & Penido, 2013; Miura, 
Krumennauer, & Neto, 2005; Mostafa, El Fiky, & El Sharnouby, 2009; Mushi et al., 2016; Vikram, 
Khaja, Udayashankar, Venkatesha, & Manjunath, 2008; Vikram, Udayashankar, et al., 2008; Wahid, 
Khan, & Khan, 2014). 
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A significant proportion of the audiology literature from LMICs is committed to OM and hearing loss 
among children.  Early landmark papers documented the significant burden of OM and associated 
hearing disorders among primary school students (Bastos, Mallya, Ingvarsson, Reimer, & Andréasson, 
1995; Bastos, Reimer, & Lundgren, 1993; Elango, Purohit, Hashim, & Hilmi, 1991; Hatcher et al., 
1995; Jacob, Rupa, Job, & Joseph, 1997; Minja & Machemba, 1996; Swart, Lemmer, Parbhoo, & 
Prescott, 1995).  A high prevalence of OM and hearing loss was also reported among school-aged 
children in community-based studies (Rupa, Jacob, & Joseph, 1999; Upadhyay, Jha, & Mishra, 2004).  
The burden of hearing loss may also be inferred from school-based studies that reported the high 
prevalence of OM among students (Adhikari, Joshi, Baral, & Kharel, 2009; Chadha, Gulati, Garg, & 
Agarwal, 2015; Chadha, Sayal, Malhotra, & Agarwal, 2013; Godinho et al., 2001; Kumari, Madhavi, 
Krishna, Meghanadh, & Jyothy, 2016; Libwea et al., 2018; Miller, Omene, Bluestone, & Torkelson, 
1983; Mukara, Lilford, Tucci, & Waiswa, 2017; Özkırış, Kapusuz, & Saydam, 2012; Simões et al., 
2015; Sophia, Isaac, Rebekah, Brahmadathan, & Rupa, 2010; Taipale, Pelkonen, Taipale, Bernardino, 
et al., 2011; Tiedt et al., 2013). Recent population, community, and school-based investigations 
continued to document the high prevalence of OM and hearing loss among children (Absalan et al., 
2013; Adhikari, 2009; Al-Rowaily, AlFayez, AlJomiey, AlBadr, & Abolfotouh, 2012; Alharbi & 
Ahmed, 2015; Basañez, Nakku, Stangl, & Wanna, 2015; Govender, Latiff, Asmal, Ramsaroop, & 
Mbele, 2015; Hunt et al., 2017; Hussein, Swanepoel, Mahomed-Asmail, & de Jager, 2018; Mahomed-
Asmail, Swanepoel, & Eikelboom, 2016b; Muftah, Mackenzie, Faragher, & Brabin, 2015; Mulfwafu, 
Kuper, & Ensink, 2016; North-Matthiassen & Singh, 2007; Nunes, Silva, Balen, de Souza, & Barbosa, 
In press; Osei, Larnyo, Azaglo, Sedzro, & Torgbenu, 2018; Phaneendra Rao, Subramanyam, 
Sreekumaran Nair, & Rajashekhar, 2002; Tarafder et al., 2015; Westerberg et al., 2005; Wonkam et al., 
2013; Yamamah, Mabrouk, Ghorab, Ahmady, & Abdulsalam, 2012).   
Chronic Suppurative Otitis Media (CSOM), in particular, emerged as a major public health concern 
from the above studies.  In addition to school-based research papers, the literature also revealed 
hospital-based studies of school-aged children attending Ear Nose and Throat (ENT) Clinics for 
management of chronic and advanced stages of OM (Banda et al., 2018; Bastos, Janzon, Lundgren, & 
Reimer, 1990; Elemraid et al., 2010; Fasunla, Samdi, & Nwaorgu, 2013; Ilechukwu et al., 2016; Manni 
& Lema, 1987; Musani, Rauf, Ahsan, & Khan, 2011; Taipale, Pelkonen, Taipale, Bernardino, et al., 
2011).  As previously stated, the progression of OM to advanced and chronic stages of disease is a 
greater risk in low-income settings than in high-income nations.  
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A number of studies from LMICs reported on the prevalence of Otitis Media with Effusion (OME) 
among children (Adebola, Ayodele, Oyelakin, Babarinde, & Adebola, 2013; Bagshaw, Wall, 
Dowswell, Martin, & Smith, 2011; Keleş et al., 2004; Lyn et al., 1998; Mark, Matharu, Dowswell, & 
Smith, 2013; Okur, Yildirim, Kilic, & Guzelsoy, 2004; Olusanya, Okolo, & Ijaduola, 2000; Saim, 
Saim, Saim, Ruszymah, & Sani, 1997; Son et al., 1998).  Although OME may not present the same 
medical risk as CSOM, it is often a silent condition that may adversely affect speech and language 
development, and academic achievement of the affected student (Cai & McPherson, 2017).  There is a 
greater risk of OME and associated hearing loss among children with additional health conditions such 
as cleft lip/palate (Edetanlen & Saheeb, 2019; Godinho et al., 2018; Goh, Tang, Hashim, Annamalay, 
& Rahman, 2019). 
Research from LMICs also compared the impact of socioeconomic status on the prevalence of ear and 
hearing disorders in children.  Overall, a significantly greater proportion of OM and hearing loss was 
found among children from lower socioeconomic backgrounds than their counterparts of higher 
socioeconomic status (Bafaqeeh, Zakzouk, Al-Muhaimeid, & Essa, 1994; Chadha, Agarwal, Gulati, & 
Garg, 2006; Czechowicz et al., 2010; Gupta, Gulati, & Gupta, 2015; Lasisi, Olaniyan, et al., 2007; 
Lasisi, Sulaiman, & Afolabi, 2007; Maharjan, Bhandari, Singh, & Mishra, 2006; Shaheen, Raquib, & 
Ahmad, 2012a, 2012b).  Furthermore, studies from LMICs documented the negative impact of OM and 
hearing loss on the academic performance of students  (Czechowicz et al., 2010; Egeli, Oghan, Ozturk, 
& Harputluoglu, 2004; Khairi, Noor, Rahman, Sidek, & Mohamad, 2010; Olatoke, Ologe, Nwawolo, & 
Saka, 2008), as well as their social skills (Bidadi, Nejadkazem, & Naderpour, 2008), and the families’ 
quality of life (Crawford et al., 2017). 
In contrast, there is very little in the audiology literature on OM and hearing loss in the Pacific Islands.  
The key papers that are available from Pacific nations were mostly published prior to 2000 (Table 1.1.) 
(Kaspar et al., 2016).  And yet, this region is reported to have among the highest global burden of OM 
among children.  A recent global review estimated that the Pacific Islands have the highest incidence of 
infant CSOM and the highest infant mortality rate due to complications of CSOM (Monasta et al., 
2012).  Another recent paper estimated that the incidence of CSOM is 3-5 times greater in the Pacific 
Islands than other Australasian countries in children less than 10 years old, with a CSOM incidence of 
6% in children below 5 years of age, and of 2% in children aged 5-9 years (Sanders et al., 2015).  A 
recent medical mission to Fiji reported a CSOM prevalence of 4.1% among patients under 18 years of 
age (T.-Y. Fang et al., 2016).  The WHO considers a prevalence rate of CSOM of 2-4% as an avoidable 
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burden that must be addressed, and a rate greater than 4% as a significant public health problem 
requiring urgent attention (WHO, 2004).  In order to develop evidence-based strategies for reducing 
OM and hearing loss among children in the Pacific Islands, the lack of data on ear and hearing health 
services and their outcomes/impact is a major gap in the literature that should be addressed. 
The landmark paper on paediatric hearing loss and OM in the Pacific region is an early study entitled 
“Chronic Suppurative Otitis Media in the Solomon Islands: A prospective, microbiological, 
audiometric, and therapeutic survey” (Eason et al., 1986).  A total of 265 children aged 7-14 years were 
tested audiometrically, and the results showed that an air-bone gap greater than 20 dB was measured in 
3.5% of subjects in semi-urban Munda (n=115) and 15% of subjects in the remote village of Paradise 
(n=150).  The authors concluded that past or current CSOM was the only cause of conductive hearing 
loss among children in this population.  Although this paper may be considered the landmark paper on 
paediatric hearing loss in the Pacific Islands, it did not meet the inclusion criteria for the recent 
epidemiological reviews on global hearing impairment given the sampling methodology, lack of 
definition of hearing loss, and no record of ambient noise levels during audiometry testing (Pascolini & 
Smith, 2009; Stevens et al., 2013; Tucci et al., 2010).  It must be noted that this paper was cited by 
earlier key papers on OM in LMICs, and that it is still cited as the representative paper for the Pacific 
Islands in the WHO publication “Chronic Suppurative Otitis Media: Burden of Illness and 
Management Options” (WHO, 2004). 
The present literature review found a survey of published and unpublished reports on the prevalence of 
hearing loss and middle ear disease in Pacific Islander children (Stewart, Anae, & Gipe, 1989).  The 
countries that were included in their review were Hawaii, Samoa, Papua New Guinea, Guam, and 
Micronesia.  The survey highlighted the fact that there was little published information on ear and 
hearing disorders among children in the Pacific region, a situation that remains essentially unchanged 
to this day.  The only published paper on hearing impairment was an early prevalence study from 
Guam which reported that 16.8% of school students (259/1541) failed a hearing screening assessment, 
of whom 50.3% presented with OM (Eldridge, Brody, & Wetmore, 1970).  The remaining published 
reports in the survey described the prevalence of OM only, and did not provide any information on 
hearing status. 
A major theme that arises from the available literature is that OM begins early in life in the Pacific 
Island population.  The key paper from the Solomon Islands reported that CSOM was present in 3.8% 
of children under 15 years of age, 6.1% of children under 5 years of age, and that 65% of CSOM cases 
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were among children below 18 months of age (Eason et al., 1986).  Early-onset CSOM was also 
described in an initial hospital-based studies from Papua New Guinea and the Republic of Palau 
(Aithal, Gupta, & Vele, 1995; Chan, Swarts, Rudoy, Dever, & Mesubed, 1993).  A paper from 
Micronesia that is often cited for the Pacific Islands found that OM was present among 46-47% of 
apparently well infants attending clinics for routine immunisations (Dever, Stewart, & David, 1985).  
Another report from Papua New Guinea suggested that early-onset middle ear disease persists into 
adolescence, as 6% of high school students were found to have OM-related hearing loss in at least one 
ear (Bunker, 1983). 
The greatest concern with early-onset CSOM is that it is more likely to progress to potentially fatal 
complications in a low-income country context.  Two recent retrospective studies from Papua New 
Guinea highlighted the burden of intracranial and extracranial sequelae of poorly managed CSOM 
among children in their communities (Dubey & Larawin, 2007; Dubey, Larawin, & Molumi, 2010).  
The authors identified advanced state of middle ear disease and late presentation at the clinic as major 
reasons for poor outcomes for these children.    
Otitis Media with Effusion (OME) is likely to be another important cause of paediatric hearing loss in 
the Pacific Islands.  In a hospital-based audiology case series of children with OME (n=100) in Papua 
New Guinea, hearing test results for the better ear showed that 38 participants had normal hearing (0-
25 dBHL), 45 had a mild hearing loss (26-40 dBHL), and 17 had a moderate hearing loss (41-55 
dBHL) (Aithal, Aithal, & Pulotu, 1995).  In a prevalence survey of two primary schools in Western 
Samoa (n-166), Type B tympanograms were the method of choice to suggest OME in 14.6% of 
students in Year 1, 19.4% of students in year 2, 8.1% of students in Year 3, and 5.5% of students in 
Years 5/6 (McPherson, Rajender Kumar, & Wollman, 1994). 
In a study of 2-year-old Pacific Island children living in New Zealand (n=1001), the research team 
estimated that 25.4% of subjects presented with OME, also indicating that this condition begins early in 
life (Paterson et al., 2006).  In a follow-up study by the same authors, the contributing factors for OME 
in this population were recurrent ear infections, upper respiratory infections, and attendance at day care 
(Paterson et al., 2007).  A more recent study from New Zealand also reported higher rates of OME in 
the Pacific Islander pre-school age group compared to children of other cultural backgrounds 
(Dickinson, Nimmo, Morton, & Purdy, 2018).  In comparison to the population living in Pacific Island 
nations, the New Zealand population has improved public health care and access to medical services, 
which may suggest a greater predisposition to middle ear disorders in Pacific Islanders.  Reports from 
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Hawaii and Easter Island also measured a significant difference in prevalence rates of middle ear 
disease among children of different racial backgrounds, however, their results were unclear regarding 
the significance or role of racial differences in their findings (Goycoolea, Goycoolea, & Farfan, 1988; 
Pugh, Burke, & Brown, 2004). 
The audiology literature from LMICs reported OM as one of the first clinical manifestations of 
paediatric Human Immunodeficiency Virus and Acquired Immune Deficiency Syndrome (HIV/AIDS).  
Most of the studies are from Latin America and the African continent (Bernaldez, Morales, & 
Hernandez, 2005; Chaloryoo, Chotpitayasunondh, & Chiengmai, 1998; Chao et al., 2012; Ensink & 
Kuper, 2017; Gondim, Zonta, Fortkamp, & Schmeling, 2000; Hrapcak et al., 2016; Ianacone et al., 
2017; Miziara, Weber, Filho, & Neto, 2007; Nakku et al., 2017; Ndoleriire, Turitwenka, Bakeera-
Kitaaka, & Nyabigambo, 2013; Palacios et al., 2008; A. F. Smith et al., 2017; Taipale, Pelkonen, 
Taipale, Roine, et al., 2011; Torre III, Cook, Elliott, Dawood, & Laughton, 2015).  At this time, 
HIV/AIDS is not a major public health concern in the Pacific Islands, however, this may change in the 
future should the current HIV/AIDS prevention and health education campaigns be unsuccessful. 
The literature reports of cases where the tuberculosis bacterium has played a role in childhood otitis 
media and associated hearing loss, including ototoxicity from tuberculosis treatment options (Chmielik, 
Ziolkowski, Koziolek, Kulus, & Chmielik, 2008; Ghafari, Rogers, Petersen, & Singh, 2015; Yaniv, 
Traub, & Conradie, 1986): this may emerge in future Pacific Islands studies where tuberculosis 
continues to be a major public health issue.  There is also evidence of associations between OM and 
prenatal exposure to outdoor air pollution and industrial air pollution (Deng, Lu, Jiang, et al., 2017; 
Deng, Lu, Li, et al., 2017): this may also become evident in future studies from the Pacific Islands. 
1.3.1.2 Impacted cerumen 
 
Impacted cerumen is another leading cause of conductive hearing loss among children in LMICs.  The 
literature describes a number of studies from LMICs where the prevalence of impacted cerumen of 
children varies between 8.6% and 86.3% (Elango et al., 1991; Hatcher et al., 1995; Minja & 
Machemba, 1996; Olusanya et al., 2000; Phaneendra Rao et al., 2002; Ping et al., 2017).  In the limited 
literature available on ear and hearing health in the Pacific Islands, only two papers described the 
prevalence rates of impacted cerumen.  An early paper from Guam found a prevalence of impacted 
cerumen of 19.7% among 157 school-age village children (Eldridge et al., 1970), and a more recent 
paper from Western Samoa found that 38.9% of ears (129/332 ears) of urban primary school students  
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had cerumen obscuring the tympanic membrane (McPherson et al., 1994).    These two papers 
demonstrated the variability of prevalence rates of impacted cerumen that may exist among primary 
school students.  
1.3.2 Childhood sensorineural hearing loss in the Pacific Islands 
 
Meningitis, measles, and rubella are leading causes of childhood sensorineural hearing loss (SNHL) in 
the LMICs that may be prevented through immunisations.  These causal pathogens were identified in 
the early literature on childhood SNHL in LMICs, including community studies, and investigations of 
students attending Schools for the Deaf (Elango, 1993; Gray, 1989; Holborow, Martinson, & Anger, 
1982; McPherson & Holborow, 1985; Minja, 1998).  The WHO strongly advocates for routine 
immunisation programmes against these infections, as they are a significant cause of childhood 
mortality and morbidity in LMICs.  One of the aims of the Millennium Development Goal project was 
to implement immunisation schedules and to develop immunisation delivery infrastructures.  This 
agenda continues under the Sustainable Development Goal project.  Where immunisation programmes 
are not routine or do not meet required target levels, these infections are likely to be a major cause of 
childhood hearing loss. 
1.3.2.1 Meningitis 
 
Hearing impairment is the most common disability found among survivors of meningitis in LMICs 
(Edmond et al., 2010).  The greatest proportion of research literature comes from the African continent, 
which bears the highest global burden of meningitis and post-infectious hearing impairment 
(Cherukupally & Eavey, 2004; Forsyth et al., 2004; Karppinen et al., 2015; Khowaja et al., 2013; 
Molyneux et al., 2003).  All of the WHO member states in the Pacific Islands currently include 
immunisation against Haemophilus influenzae Type B (HiB) in their immunisation schedules, however, 
coverage rates are still below target levels (WHO, 2018f).  The availability of immunisations against 
the three leading causes of meningitis in the Pacific Islands is summarised in Table 1.3. 
Sanders and colleagues (2015) reported an approximate rate of acquired post-meningitic sensorineural 
hearing loss, based on a rate of 1 per 1000 cases of hearing impairment acquired from meningitis 
infections for regions where there are no immunisations.  As described above, the Pacific Island nation 
do offer immunisations against meningitis, however, coverage rates are not optimal.  The rate of 
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childhood SNHL in the Pacific Islands due to meningitis may be slightly lower than estimated by their 
review. 
 
Table 1.3. Availability of immunisations in Pacific Island countries against the causal pathogens of 
meningitis, measles, and rubella (Adapted from “WHO vaccine-preventable diseases: monitoring 
system. 2018 Global Summary” http://apps.who.int/immunization_monitoring/globalsummary) 
 
Country Measles Rubella Meningitis 
(Haemophilus 
influenzae type B) 
Meningitis 
(Streptococcus 
pneumoniae) 
Meningitis 
(Neisseria 
meningitidis) 
Cook Islands ✓  ✓  ✓    
Fiji ✓  ✓  ✓  ✓   
Kiribati ✓  ✓  ✓  ✓   
Marshal Islands ✓  ✓  ✓  ✓  ✓  
Micronesia ✓  ✓  ✓  ✓   
Nauru ✓  ✓  ✓    
Niue ✓  ✓  ✓  ✓   
Palau ✓  ✓  ✓  ✓   
Papua New 
Guinea 
✓  ✓  ✓  ✓   
Samoa ✓  ✓  ✓    
Solomon Islands ✓  ✓  ✓  ✓   
Tonga ✓  ✓  ✓  ✓   
Tuvalu ✓  ✓  ✓    
Vanuatu ✓  ✓  ✓    
 
The key paper on hearing impairment in meningitis survivors in the Pacific Islands is an early hospital-
based study from Vanuatu (Carroll & Carroll, 1994).  The study population were all patients admitted 
to Lenakel Hospital from August 1988 to July 1991 with a diagnosis of bacterial meningitis.  Among 
the 70 patients who survived meningitis infection, hearing impairment was found in 21 subjects 
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(32.3%).  A significant limitation of this study was that hearing was not assessed by audiometry.  The 
presence of hearing loss in young children was determined by caregiver observation, and basic 
distraction and behavioural testing, while older children and adults underwent Rinne and Weber tuning 
fork tests.  Another consideration is that the study was conducted on an outer island of Vanuatu, and 
results may not reflect the prevalence rate for all areas of Vanuatu.  In hospital-based studies from other 
LMICs which assessed hearing impairment in meningitis survivors through audiometry, the prevalence 
of hearing impairment ranged from 18% to 38% (Cherukupally & Eavey, 2004; Forsyth et al., 2004; 
Khowaja et al., 2013). 
The literature revealed three additional papers on hearing impairment following meningitis in the 
Pacific Islands.  A recent study from Fiji found sensorineural hearing loss in 5 out of 33 post-
meningitic children, however, the severity of the hearing disorder was not described, and generalisation 
of the findings is limited by the small sample size (Biaukula et al., 2012).  In another recent study from 
Papua New Guinea, 23 children (29%) presented with permanent hearing impairment following 
meningitis, however, hearing loss was defined as “no response to sound”, which excluded the 
identification of mild to moderate hearing impairment (Wandi, Kiagi, & Duke, 2005).  In the 
previously described audiology case series from Papua New Guinea, the investigators were able to 
establish aetiology of sensorineural hearing loss in only 30% of cases, and estimated that meningitis 
and cerebral malaria combined to cause deafness in 11% of cases (Aithal, Gupta, et al., 1995). 
1.3.2.2 Measles and rubella 
 
Early papers on childhood hearing impairment in LMICs identified measles and rubella as major 
aetiologies of hearing loss that may be prevented through immunisations (Holborow et al., 1982; 
McPherson & Holborow, 1985; McPherson & Swart, 1997).  The Measles Initiative was a major 
strategy of the Millennium Development Goal Project that has successfully reduced the global burden 
of childhood mortality from this disease (WHO, 2018b).  The Measles & Rubella Initiative was 
launched in 2012, and should further reduce the childhood mortality and morbidity rates from these 
infections.  The fact that there is little in the recent audiology literature on hearing impairment due to 
measles could suggest that this is a declining cause of childhood hearing impairment in low-resourced 
settings due to the success of the Measles Initiative.  In contrast, Congenital Rubella Syndrome (CRS) 
continues to be an important cause of childhood hearing impairment and morbidity in LMICs at this 
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time (Jiménéz et al., 2007; Karthikeyan, Venkatesh, & Soundararajan, 2012; Toizumi, Vo, Dang, 
Moriuchi, & Yoshida, 2019; Yazigi et al., 2017). 
All WHO members of the Pacific Island region include both measles and rubella in their routine 
immunisation programmes.  The WHO recognises that coverage rates of immunisation programmes are 
still below target levels, and that measles and rubella may, therefore, continue to be major causes of 
childhood hearing impairment in those areas.  The availability of immunisations against measles and 
rubella in the Pacific Islands is summarised in Table 1.3. 
There is very little in the literature on childhood hearing impairment due to measles and rubella 
infection in the Pacific Islands.  The landmark paper from the Solomon Islands on OM referred to 
measles only to report that 17% of the children with CSOM suffered measles prior to their first episode 
of otorrhoea (Eason et al., 1986).  The study from the School for the Handicapped in Western Samoa 
(n=38) suspected that one student presented with CRS based on the evidence of hearing and visual 
impairments and heart disease (McPherson et al., 1994).   
1.3.2.3 Other causes of childhood sensorineural hearing loss 
 
A review of the literature revealed no further papers on aetiology of childhood hearing loss in the 
Pacific Islands.  However, research from other LMICs on additional causes of sensorineural hearing 
loss (SNHL) is presented here, and discussed in the light of their relevance to the Pacific Islands. 
The rate of congenital hearing impairment in the Pacific Islands is unknown, however, Sanders and 
colleagues (2015) estimated a figure based on the New Zealand rate of 3 per 1000 live births.  The rate 
in the Pacific Islands is, however,  probably higher than estimated, given that the rate of congenital and 
early-onset hearing impairment is reported as 6 per 1000 live births in LMICs (Olusanya, 2005).   
Risk-factors related to maternal, peri-natal, and post-natal factors are likely causes of childhood 
sensorineural hearing impairment in the Pacific Islands (Olusanya, 2009; Olusanya & Okolo, 2006a).  
The leading research for these factors in LMICs has been performed in Nigeria under the leadership of 
paediatrician and hearing health advocate Bolajoko Olusanya.  Evidence indicates that risk-factors for 
Permanent Congenital and Early Onset Hearing Impairment (PCEOHI) include malnutrition (Olusanya, 
2011b), hyperbilirubinemia (Olusanya, 2015), and possibly emergency caesarean delivery (Olusanya & 
Solanke, 2009a, 2009b).  Olusanya and colleagues have further reported on the high burden of these 
risk factors in LMICs (Olusanya, 2010; Olusanya, Ogunlesi, et al., 2015; Olusanya, Osibanjo, & 
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Slusher, 2015; Olusanya & Renner, 2013; Slusher et al., 2017). Research teams from other LMICs have 
presented evidence for the risk-factors of low birthweight (Borkoski-Barreiro, Falcón-González, 
Limiñana-Cañal, & Ramos-Macías, 2013; Martínez-Cruz, Alonso-Themann, Poblano, & Ochoa-López, 
2012) and prematurity (Huang, Xiong, Li, & Yang, 2017).  These risk-factors are present in the Pacific 
Islands and, therefore, are a likely cause of SNHL in children. 
Consanguinity is a major cause of hereditary or congenital hearing impairment in countries where 
consanguinity is a common cultural practice.  Most of the literature on consanguinity and childhood 
hearing impairment comes from the Middle East region (Al-Abduljawad & Zakzouk, 2003; Al-Shaikh 
& Zakzouk, 2003; Ansari et al., 2004; Bener, Eihakeem, & Abdulhadi, 2005; Khabori & Patton, 2008; 
Sajjad, Khattak, Bunn, & Mackenzie, 2008; Zakzouk, 2002).  Consanguinity as a cause of hearing loss 
in the Pacific Islands is unlikely, given that this is not a common cultural practice in these nations. 
Sickle-cell disease is another hereditary cause of sensorineural hearing loss that is unlikely to be found 
in the Pacific Islands.  The highest global prevalence of sickle-cell disease is found on the African 
continent, and the literature on  sickle-cell disease and hearing loss is almost exclusively from this 
region (Alabi et al., 2008; da Silva, Nova, & Lucena, 2012; Mgbor & Emodi, 2004; Olajuyin, 
Olatunya, Adegbiji, Oyenibi, & Faboya, 2018; Taipale, Pelkonen, Bernardino, Peltola, & Pitkäranta, 
2012).  The evidence suggests that hearing is adversely impacted by episodes of compromised blood 
supply to the cochlea, and the associated hearing loss in children usually increases with the number and 
severity of these episodes.  These children will often present with an additional conductive component 
to their sensorineural hearing loss due to ear disease.  
In contrast, ototoxicity is probably a common cause of SNHL in the Pacific Islands.  Ototoxicity from 
the misuse of aminoglycoside medication may be frequent, similar to other LMICs where 
aminoglycosides are a first-line of treatment for infectious diseases and poorly regulated (Freeland, 
Jones, & Mohammed, 2010; Saunders, Greinwald, Vaz, & Guo, 2009; Saunders et al., 2007).  
Ototoxicity following quinine/chloroquine therapy for malaria should be in decline in the Pacific 
Islands since the introduction of artemisinin-based combination therapy during the Millennium 
Development Goal era.  The evidence at this time suggests that it is a successful non-ototoxic malaria 
treatment and should not be a major cause of hearing loss (Carrara et al., 2008; Gürkov et al., 2008; 
McCall, Beynon, Mylanus, van der Ven, & Sauerwein, 2006). 
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Future studies in the Pacific Islands may reveal that congenital cytomegalovirus (CMV) is a cause of 
sensorineural hearing loss in children.  While the literature from LMICs is still limited regarding CMV 
(Olusanya, Slusher, & Boppana, 2015), the evidence from high-income nations confirms congenital 
CMV as an aetiology of childhood hearing loss (Lanzieri, Dollard, Bialek, & Grosse, 2014; Samileh et 
al., 2008).  The WHO and the Joint Committee on Infant Hearing still include maternal syphilis as a 
risk-factor for sensorineural hearing loss in infants, even though a systematic review indicated that 
there is insufficient evidence to link maternal syphilis and permanent hearing loss in infants (Chau, 
Atashband, Chang, Westerberg, & Kozak, 2009; WHO, 2010).  Future studies may reveal risk-factors 
for sensorineural hearing loss in LMICs that are rare or non-existent in high-income nations, such as 
gestational Vitamin A deficiency (Emmett & West Jr, 2014), hemorrhagic dengue (Ribeiro et al., 
2015), or exposure to environmental chemical hazards during pregnancy (M.-C. Li et al., 2015). 
1.4 Community support for ear and hearing programmes for children in the Pacific Islands. 
 
The successful implementation of ear and hearing programmes for children in the Pacific Islands to 
address the burden of childhood hearing loss will depend on community support and acceptance of the 
services offered.  An appreciation of parental knowledge and attitudes towards childhood hearing loss 
and hearing services is essential to the development of relevant and contextually appropriate 
ENT/Audiology services for children.  While early papers report negative attitudes in some LMICs 
towards people with a hearing disability (Odebiyi & Togonu-Bickersteth, 1987; Stephens, Stephens, & 
von Eisenhart-Rothe, 2000), more recent evidence suggests that parents are generally very supportive 
of early identification and intervention services for infants and young children with hearing loss (Ravi, 
Gunjawate, Yerraguntla, Rajashekhar, & Lewis, 2016).  Early hearing detection programmes are 
usually based on a biomedical model of healthcare, however, the development of ENT/Audiology 
initiatives should also be aware of non-biomedical beliefs regarding childhood hearing impairment, as 
these may influence parental engagement and health-seeking behavior.  An understanding of 
community knowledge and attitudes is also essential to guide the content and effectiveness of health 
promotion activities, including education programmes for parents (Yousef, El-Magd, El-Asheer, & 
Kotb, 2015). 
There is currently no published evidence on community knowledge and attitudes towards childhood 
hearing loss and hearing services in the Pacific Islands.  Previous work by medical anthropologists in 
Papua New Guinea suggested that childhood disabilities are generally thought to be of supernatural 
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origin, and that people often seek assistance from both traditional healers and biomedical-model health 
practitioners regarding the condition (Byford & Veenstra, 2004; Feinberg, 1990; Lepowsky, 1990).  
These studies indicated that biomedical healthcare services may co-exist and be well-accepted by 
communities within the local framework of non-biomedical beliefs.  This is an encouraging finding, as 
ENT/Audiology services generally adhere to a biomedical model of health care.  The implementation 
of ENT/Audiology services will achieve best outcomes if consideration is given to non-medical beliefs, 
and possibly collaboration with alternative healthcare providers.  Indeed, in the Alma-Ata Declaration 
of 1978, the WHO recognized that traditional healers must be included in the primary health care 
agenda. 
A review of the audiology literature found that it is not unusual for multiple health paradigms to exist 
in LMICs that have experienced the introduction of a biomedical model of medicine.  A key paper from 
South Africa described how different belief systems impacted on health-seeking behaviour for various 
ear and hearing disorders (de Andrade & Ross, 2005).  This study found that eight out of ten “Black” 
South Africans will consult a traditional healer in preference to, or in conjunction with, a biomedical 
health practitioner.  The most common response from traditional healers for cause of childhood hearing 
loss was ancestral spirit involvement.  Other responses included noise exposure, poor aural hygiene, 
and bewitchment.  A recent paper from South Africa also reported that cultural beliefs regarding 
childhood hearing loss continue to be prevalent (Govender & Khan, 2017).  In another key paper from 
Nigeria, the overwhelming consensus from traditional healers and community members was that the 
main cause of ENT diseases and hearing loss was spiritual attack (Lasisi & Ajuwon, 2002).  In contrast, 
an Indian study found that only 3% of respondents believed that hearing impairment was due to non-
biomedical causes (Kumar, Rout, Kumari, & Dey, 2012).  The variation between studies demonstrated 
that current belief systems need to be assessed per country, and that variations probably also exist 
within different parts of a country, and within different sectors of society.   
While non-biomedical beliefs may persist, there is also evidence of good knowledge of biomedical 
causes of ear and hearing disorders.  The literature revealed five studies from LMICs that examined 
maternal knowledge of biomedical causes of infant hearing loss (Olusanya, Luxon, & Wirz, 2006b; 
Rajagopalan, Selvarajan, Rajendran, & Ninan, 2014; Ravi, Yerraguntla, et al., 2016; Swanepoel & 
Almec, 2008; Wang, Wu, Zhao, Li, & He, 2017).  The countries represented by these studies were 
Nigeria, South Africa, India, and China.  The most consistent response between studies was for 
parental awareness of congenital hearing loss (63-68%).  The knowledge of otitis media as a cause of 
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hearing loss varied from 54 to 79%.  The results for infectious causes of permanent hearing loss varied 
for both meningitis (26.5-82.6%) and measles (19.6-73%).  Results for maternal and birth risk-factors 
for early permanent hearing loss also varied, for example, jaundice (14-47%) and delayed cry at birth 
(9-66.1%).    
The literature revealed three papers that examined the knowledge and attitudes of caregivers towards 
OM and its risk-factors (Adeyemo, 2012; Mukara, Waiswa, Lilford, & Tucci, 2017; Srikanth, Isaac, 
Rebekah, & Rupa, 2009).  The study from Nigeria found that parents were strongly averse to surgical 
procedures for ear disease, but that they were willing to modify behaviors to reduce the risk of OM for 
their child (Adeyemo, 2012).  The study from India found that less than half of parents were aware of 
the most common risk-factors for childhood OM (i.e., recurrent respiratory infections, lack of breast-
feeding, malnutrition, and overcrowding) (Srikanth et al., 2009).  The study from Rwanda found that 
there was good knowledge among caregivers regarding ear infections, and that knowledge was greater 
among urban-dwelling than rural-dwelling parents (Mukara, Waiswa, et al., 2017).  Another study from 
India found that there was little knowledge among patients with CSOM about their ear disease 
(Chandrashekharayya et al., 2014). These studies are informative in terms of guiding ear and hearing 
health promotion activities, and although community health promotion activities may be developed to 
target children, the information should benefit the entire population. 
A review of the literature suggests that community support for hearing services for children in LMICs 
is currently very positive.  The studies from Nigeria, South Africa,  India, and China reported that 92-
99% of mothers supported infant hearing screening programmes (Olusanya, Luxon, et al., 2006b; 
Rajagopalan et al., 2014; Ravi, Yerraguntla, et al., 2016; Swanepoel & Almec, 2008; Wang et al., 
2017).  There was also excellent support from mothers for use of hearing aids for their newborn/infant 
if required (84-92%), except for one of the studies from India (54.3%) (Ravi, Yerraguntla, et al., 2016).  
There are likely to be many reasons beyond parental knowledge and attitudes that may influence 
participation in ear and hearing programmes for children.  Transport and financial difficulties are often 
given as reasons for poor attendance at biomedical health centers (Adoga, Nimkur, & Silas, 2010; 
Bright, Mulfwafu, Thindwa, Zuurmond, & Polack, 2017; Kanji & Krabbenhoft, 2018; Omondi, Ogol, 
Otieno, & Macharia, 2007), however, there is also evidence to suggest that attendance is poor even 
when free transport and healthcare is offered (Scheepers, Swanepoel, & le Roux, 2014). Work 
commitments may also prevent attendance.  One study found that mothers who delivered their children 
in hospital may not be as engaged with community-based services as those who gave birth in the 
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community (Olusanya & Akinyemi, 2009).  Traditional healers reported that parents may be reluctant 
to attend biomedical health centers where professionals appear busy and time-limited, and prefer the 
traditional approach that is patient-centered and allows time to explore all possibilities of causality of 
illness (de Andrade & Ross, 2005).   There is also the growing issue of antibiotic resistance which has 
led to the belief that biomedical healthcare is no longer effective, and this has spurred a renewed 
preference for traditional plant remedies (Argaw-Denboba, Abejew, & Mekonnen, 2016; Njoroge & 
Bussmann, 2006). 
The literature review found that community support for ear and hearing services for children is 
generally very positive in LMICs.  The evidence suggests that beliefs regarding non-biomedical causes 
of hearing loss are important, and should be considered for emerging services.  The existing studies on 
maternal knowledge and attitudes to infant hearing loss in LMICs provide a model that may be adapted 
to other low-resourced contexts.  The current gaps in the literature are: (1) no studies on parental 
knowledge and attitudes to childhood hearing loss and hearing services in the Pacific Islands; (2) no 
studies on childhood hearing loss which included male caregivers in the study design; (3) no studies 
that focus on knowledge of OM, associated hearing loss, and its prevention, and;  (4) no studies 
investigating attitudes and support for school-based hearing screening in LMICs. 
1.5 Infant ear and hearing programmes in the Pacific Islands 
 
The WHO recommends that Newborn and Infant Hearing Screening (NIHS) should be the goal of all 
member states (WHO, 2010).  Early identification and intervention for infants born with Permanent 
Congenital or Early-Onset Hearing Impairment (PCEOHI) should reduce the well-known adverse 
effects of PCEOHI on childhood development and social well-being.  It is estimated that 90% of the 
infants born annually with PCEOHI are found in LMICs, where NIHS programmes are limited or non-
existent (Olusanya, 2005).  The evidence suggests that there is high caregiver support for NIHS 
programmes (Ravi, Gunjawate, Yerraguntla, Rajashekhar, et al., 2016).  Given the competing health 
priorities and resource limitations of the LMIC context, a novel approach to NIHS programmes is 
required.   
There is a growing body of literature on NIHS programmes in LMICs.  Reports of late identification of 
childhood PCEOHI supported and encouraged the growth of these NIHS programmes (Gopal, Hugo, & 
Louw, 2001; Jafari, Malayeri, & Ashayeri, 2007; Ozcebe, Sevinc, & Belgin, 2005; Sirur & 
Rangasayee, 2011).  Similar to high-income nations, the literature from LMICs debated the merits of 
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universal versus targeted newborn hearing screening (Rai & Thakur, 2013), as well as different 
screening methodologies (Geal-Dor, Adelman, Levi, Zentner, & Stein-Zamir, 2010; Ramesh et al., 
2012; Rojas et al., 2014; Unlu, Guclu, & Yaman, 2015; van Dyk, Swanepoel, & Hall III, 2015; 
Vignesh, Jaya, Sasireka, Sarathy, & Vanthana, 2015).  The hospital-based Universal Newborn Hearing 
Screening (UNHS) model that is routine in most high-income nations has been implemented or trialled 
in some LMICs (Ahmad, Mohamad, Mansor, Daud, & Sidek, 2011; Bevilacqua, Alvarenga, Costa, & 
Moret, 2010; Cavalcanti, de Melo, Buarque, & Guerra, 2014; Kanji & Khoza-Shangase, 2016; Kemp et 
al., 2015; Khairi, Din, Shahid, & Normastura, 2005; Lasisi, Onakoya, Lasisi, Akinola, & Tongo, 2014; 
Nivoloni et al., 2010).  Studies found regional differences within countries for service delivery options 
and risk-factors  for hearing loss, and these should also influence NIHS programme models (Chen et 
al., 2012; X. Fang et al., 2016; Konukseven et al., 2017; Saki et al., 2017; Wenjin et al., 2017).  While 
there are challenges with implementing UNHS in LMICs, the literature also reports on strategies to 
overcome and manage the issues that are unique to these programmes (Bolat, Bebitoglu, Ozbas, 
Altunsu, & Kose, 2009; Cavalcanti & Guerra, 2012; Chakrabarti, 2018; Gilbey, Kraus, Ghanayim, 
Sharabi-Nov, & Bretler, 2013; Griz, Mercês, Menezes, & Lima, 2009; Januário, Lemos, Friche, & 
Alves, 2015; Kamal, 2013; Kumar & Mohapatra, 2011; Lima, Rossi, Françozo, Collela-Santos, & 
Correa, 2015; Mukari, Tan, & Abdullah, 2006; Ravi, Gunjawate, Yerraguntla, Lewis, et al., 2016; 
Swain, Das, Sahu, & Das, 2017; Yee-Arellano, Leal-Garza, & Pauli-Müller, 2006).    
Where UNHS may be difficult to implement due to a large number of births taking place outside the 
hospital setting, community-based immunisation clinics have emerged as a suitable platform for NIHS 
programmes (Okhakhu, Ibekwe, Sadoh, & Ogisi, 2010; Olusanya, Luxon, et al., 2006b; Olusanya, 
Wirz, & Luxon, 2008; Swanepoel, Hugo, & Louw, 2006; Tanon-Anoh, Sanogo-Gone, & Kouassi, 
2010).  The success of the WHO/UNICEF Expanded Program on Immunisation has led to high 
community acceptance and attendance at these clinics.  Although it may be desirable to train the 
community clinic nurses to include hearing screening in their routine practice (Khan, Joseph, & 
Adhikari, 2018), it may be preferable for screening to be conducted by dedicated NIHS staff 
(Friederichs, Swanepoel, & Hall III, 2012).  The existing NIHS programmes in LMICs use 
physiological tests, such as oto-acoustic emissions (OAEs) and/or automated auditory brainstem 
response for screening.  Infants who do not pass the screening tests are referred for sophisticated 
audiological assessment and management (i.e., diagnostic auditory brainstem response test, cochlear 
implantation) (Ahmad et al., 2011; Alyami, Soer, Swanepoel, & Pottas, 2016; Bevilacqua et al., 2010; 
Kumar & Mohapatra, 2011; Moodley, 2016; Olusanya, Luxon, et al., 2006b; Suleiman et al., 2014; 
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Swanepoel et al., 2006).  It is evident that the main focus of these NIHS programmes is the early 
identification and intervention of infants with permanent sensorineural hearing loss (SNHL).  
Alternative platforms for community-based NIHS have also been investigated, such as community-
based obstetric clinics (de Kock, Swanepoel, & Hall III, 2016; Khoza-Shangase & Harbinson, 2015). 
There is currently no literature on NIHS programmes in the Pacific Islands.  Although a unique 
situation exists in America Samoa where UNHS has been implemented, this is not representative of the 
reality of most Pacific Island nations (Johnson, 2012). The limited research available suggests that OM 
begins early in life in this population, and that OM is the leading cause of hearing loss among infants 
(Kaspar et al., 2016).  A recent global review estimated that the Pacific Islands have the highest 
incidence of infant Chronic Suppurative Otitis Media (CSOM), and the highest infant mortality rate 
due to complications of CSOM (Monasta et al., 2012).  Recent publications from Papua New Guinea 
highlight the on-going risk of infant mortality due to poorly managed early-onset CSOM and limited 
access to medical services (Dubey & Larawin, 2007; Dubey et al., 2010).  An NIHS programme in the 
Pacific Islands cannot ignore the urgent public health need to prevent, diagnose, and manage OM 
among the infant population.    
The reality for the majority of Pacific Island nations is that audiology services are virtually non-existent 
throughout the region (Sanders et al., 2015) .  The literature offers little guidance on the development 
of NIHS programs where audiologists, physiological testing, and amplification options are unavailable.  
While there are arguments against the implementation of NIHS programs in such circumstances 
(Olusanya, Luxon, & Wirz, 2006a), the WHO does in fact recommend interim measures until more 
sophisticated technologies become available (WHO, 2010).  Community-based ear health nurses are 
ideally suited to identify ear disease at the primary health care level, and may facilitate an interim 
hearing screening programme that targets OM (Kaspar et al., 2018; Middleton, Couillault, & Lloyd, 
2003).  The administration of the Joint Committee on Infant Hearing (JCIH) Questionnaire for 
Developing Countries may be implemented for targeted surveillance of the speech/language 
developmental milestones of children at risk of sensorineural hearing loss (Olusanya, 2011a).  
Behavioural testing may be appropriate as a preliminary screening option in the absence of 
electrophysiological tests (Fasunla, Adeosun, Afolabi, & Nwaorgu, 2011).  Intervention and 
rehabilitation options may include on-going care by a Community-Based Rehabilitation (CBR) worker 
and attendance at a school for children with disabilities. 
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A review of the literature found that there is a growing body of research on the implementation of 
NIHS programmes in low-resourced environments.  The evidence suggests that the introduction of 
hearing screening is supported by caregivers, and is a catalyst for the development of early 
identification and intervention services for newborns and infants with sensorineural hearing loss.  The 
current gaps in the literature are: (1) no papers were found on NIHS in the Pacific Islands; (2) no 
papers were found on NIHS in LMICs that prioritised the urgent public health threat of OM, and; (3) 
no papers were found on NIHS in LMICs that could be modelled for the Pacific Island context, where 
audiology services are limited or non-existent. 
1.6 School ear and hearing programmes in the Pacific Islands 
 
The WHO recommends school-based hearing screening programmes as a major public health initiative 
to reduce the burden of childhood hearing loss in LMICs (WHO, 2016a).  The WHO Global School 
Health programme offers an attractive platform for routine ear and hearing health checks in primary 
school students.  In addition to the health concerns regarding ear diseases, hearing loss in school-aged 
children is well-known to adversely impact on language development, literacy skills, and academic 
achievement.  The implementation of School Ear and Hearing Programmes should, therefore, make a 
positive contribution to achieving Sustainable Development Goals (SDG) such as SDG3 Improved 
Health and Well-Being, and SDG4 Quality Education. 
The early audiology literature from LMICs largely consists of school-based prevalence studies.  In 
these key papers, OM was well-established as a leading cause of hearing loss among children attending 
primary schools (Bastos et al., 1995; Elango et al., 1991; Hatcher et al., 1995; Jacob et al., 1997; Swart 
et al., 1995).  School hearing screening programmes identified both CSOM and OME as major causes 
of preventable hearing loss among school students.  Hospital-based studies further described the 
complications and management difficulties arising from late presentation of advanced stages of ear 
disease among school-age children (Akinpelu et al., 2008; Bastos et al., 1990; Elemraid et al., 2010; 
Magsi et al., 2012; Mostafa et al., 2009; Taipale, Pelkonen, Taipale, Bernardino, et al., 2011; Vikram, 
Khaja, et al., 2008; Wahid et al., 2014).  The research has also investigated the feasibility of various 
methodologies for low-cost hearing screening options that do not rely on highly trained professionals 
(Berg, Papri, Ferdous, Khan, & Durkin, 2006; Liao, Lien, & Young, 2010; Newton, Macharia, Mugwe, 
Ototo, & Kan, 2001; Samelli, Rabelo, & Vespasiano, 2011).  It is evident that early detection and 
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treatment of OM through school-based ear and hearing screening programmes should reduce the 
burden of OM and its consequences among students. 
The more recent audiology literature continues to report on the high prevalence of avoidable hearing 
loss among students (Czechowicz et al., 2010; Hussein, Swanepoel, Mahomed-Asmail, et al., 2018; 
Mahomed-Asmail, Swanepoel, et al., 2016b; Yamamah et al., 2012).  There is also, however, increased 
attention towards the implementation of routine school hearing screening programmes, and the use of 
technology-based methodologies that may be suitable to resource-limited contexts.  This research is 
focused on appropriate equipment, human resource considerations, as well as ensuring acceptable 
school hearing screening referral rates (Govender & Mars, 2018; Hussein, Swanepoel, Mahomed, & De 
Jager, 2018; Mahomed-Asmail, Swanepoel, & Eikelboom, 2016c; Monica et al., 2017; Myburgh, Jose, 
Swanepoel, & Laurent, 2018; Sandström, Swanepoel, Myburgh, & Laurent, 2016; Swanepoel, 
Matthysen, Eikelboom, Clark, & Hall III, 2015; Swanepoel, Myburgh, Howe, Mahomed, & 
Eikelboom, 2014; Wenjin et al., 2014; Yimtae et al., 2018). Use of smartphone technology that may be 
used for both hearing and vision screening for school settings is also currently in development.  These 
efforts should reduce the well-known burden of childhood hearing loss in LMICs, and optimise 
educational outcomes for these children (Egeli et al., 2004; Khairi et al., 2010; Olatoke et al., 2008). 
There is very little in the audiology literature on hearing loss among school-aged children in the Pacific 
Islands.   The previously described early paper from the Solomon Islands indicated that a significant 
proportion of hearing loss among school-aged children was due to OM, and that there was a 
significantly higher rate of CSOM and hearing impairment among children in remote island settings 
(Eason et al., 1986).  Another previously described paper reported hearing loss among 16.8% of school 
students (n=1541) in Guam, where over half of hearing disorders were due to acute or chronic OM 
(Eldridge et al., 1970).  OME was prevalent among students in Western Samoa (McPherson et al., 
1994), as well as a significant cause of hearing loss among school-aged students in Papua New Guinea 
(Aithal, Aithal, et al., 1995; Aithal, Gupta, et al., 1995).  In addition to OM, impacted cerumen is likely 
to be another major cause of hearing loss among school students, as suggested by the previously 
described papers from Guam and Western Samoa (Eldridge et al., 1970; McPherson et al., 1994).  
School students who are survivors of meningitis may present with sensorineural hearing loss, as 
suggested by the previously described studies from Vanuatu, Fiji, and Papua New Guinea (Biaukula et 
al., 2012; Carroll & Carroll, 1994; Wandi et al., 2005).  Permanent hearing loss from ototoxicity may 
also be common among school-age children. 
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Although there is very little in the literature on audiology services or school-based hearing screening 
programmes in the Pacific Islands, an early paper from Guam reported the positive impact of such 
programmes on reducing the burden of OM (Garrett & Stewart, 1989).  This study found that, although 
the incidence of hearing impairment remained high, the school-based hearing screening programme 
facilitated early diagnosis and treatment of acute episodes of OM, and minimised the number of cases 
progressing to advanced and chronic stages of middle ear disease.  The lack of audiology services 
should not deter the implementation of school-based ear and hearing programmes in the Pacific Islands 
(Kaspar et al., 2018).  Indeed, the implementation of school hearing screening programmes may be one 
strategy that enables access to healthcare, as well as the development of health service pathways.  
A review of the literature found that there is extensive research on the prevalence of hearing loss 
among school students in LMICs.  The more recent literature is increasingly concerned with the 
implementation of school hearing screening programmes that are suitable to low-resourced 
environments.  The current gaps in the literature are: (1) no recent papers were found on the prevalence 
of hearing loss and OM among school-age students in the Pacific Islands, and; (2) no papers were 
found on school ear and hearing screening programmes in LMICs that could be modelled for the 
Pacific Island context, where audiology services are limited or non-existent. 
1.7 Rationale for the study 
 
1.7.1 Synopsis 
 
According to the WHO, the overwhelming burden of global hearing loss is found in LMICs, with 
approximately half of these hearing disorders considered avoidable.  OM and infectious diseases are 
the leading causes of preventable hearing loss in children.  The WHO recommends hearing screening 
programmes for infants and primary school children to reduce the burden of hearing loss in LMICs.   
There is currently little in the audiology literature on childhood hearing loss or hearing services in the 
Pacific Islands, and yet this region is estimated to have one of the highest global burdens of OM and 
OM-related morbidity and mortality. 
The Solomon Islands are an LMIC and Small Island Developing State of the Pacific Island region 
(Figure 1.2., Table 1.4.).  There is only one ENT Clinic in the country, and it is based at the National 
Referral Hospital (NRH) in the capital city, Honiara.  The ENT Clinic is currently staffed by four 
senior and two junior ENT registered nurses. For ENT Specialist consultation or surgical intervention, 
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the Solomon Islands is dependent on an annual 10-day visit from the Royal Australasian College of 
Surgeons (RACS) Pacific Island Program (PIP) ENT Visit (Baxter, 2012).  Audiology services 
currently consist of pure-tone audiometry assessment in conjunction with ENT Clinic consultation, and 
are performed by one of the senior ENT nurses with a formal audiometrist qualification.  The ENT 
Clinic is motivated to implement community outreach programs and health promotion activities, in 
order to reduce the number of patients presenting to the ENT Clinic with advanced stages of ear disease 
and complications due to poorly managed OM. The PhD Candidate and paediatric audiologist (AK) 
was invited by the Solomon Islands ENT Clinic to collaborate in the development of their community 
outreach services for children.  This collaboration was the catalyst for the present research work and 
doctoral thesis.  
The successful implementation of ear and hearing programmes for children in the Solomon Islands will 
depend on community support and participation.  There is currently no literature on community 
knowledge or attitudes to childhood hearing loss or hearing services in the Pacific Islands.  In order to 
ensure the successful implementation of an ear and hearing programme for children by the NRH ENT 
Clinic, a feasibility study was developed to ascertain parental knowledge of the major causes of 
childhood hearing loss, as well as their readiness for community-based ear and hearing services.  The 
evidence from other LMICs suggests that parental support and acceptance of programmes is very 
positive.  Previous studies also highlight areas where knowledge is lacking, and therefore provide 
guidance for ear and hearing health promotion activities. No paper was found that included fathers in 
the study sample, nor one that investigated knowledge of OM and conductive hearing loss, nor one that 
assessed support for school-based hearing screening programmes.   
The WHO recommends Newborn and Infant Hearing Screening (NIHS) programmes for all member 
states.  There is currently no literature on NIHS in the Pacific Islands.  The implementation of NIHS as 
recommended by the WHO is currently difficult in the Solomon Islands where audiology services are 
virtually non-existent.  An NIHS programme that addresses the urgent public health threat of OM 
would be the most appropriate for the Solomon Island context, and Community Child Welfare Clinics 
(CWCs) offer a possible platform for routine ear health checks.  A feasibility study of an ear and 
hearing programme at CWCs is warranted to investigate this model as a possible option to reducing the 
burden of ear disease and associated hearing loss among infants in the Solomon Islands.  Although 
sophisticated audiology equipment and amplification options are unavailable at this time, the use of the 
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JCIH questionnaire to screen infants at-risk of permanent hearing loss should facilitate monitoring and 
early intervention, if required, by the Community-Based Rehabilitationist. 
The WHO recommends school-based hearing screening programmes for all member states.  There is 
limited literature on hearing loss among school-aged children in the Pacific Islands, however, early 
studies suggest that OM and impacted cerumen are the leading causes of hearing disorders in primary 
school students.  Again, the implementation of school-based hearing screening as recommended by the 
WHO is difficult in the Solomon Islands where audiology services are extremely limited.  A school-
based ear and hearing programme that addresses the public health threat of OM would be the most 
appropriate for the Solomon Island context.  The WHO Global School Health Initiative offers a 
possible platform for routine ear health assessments.  A feasibility study of a school-based ear and 
hearing programme is warranted to investigate this model as an option to reducing the burden of ear 
disease and associated hearing loss among school students in the Solomon Islands. 
1.7.2 Justification for conducting the present study 
 
The present study was conducted to investigate the possible implementation of an Infant and/or School 
Ear and Hearing Programme in the Solomon Islands.  It was designed to ascertain whether Ear and 
Hearing Programmes would be acceptable to caregivers in the Solomon Islands, and whether ear 
disease and hearing loss among infants and primary school students in Honiara is sufficiently 
significant to warrant the implementation of these programmes.  This would be achieved by assessing 
the parental willingness for childhood hearing services, and documenting the prevalence of otitis media 
and hearing loss among children in Honiara.      
Ethical approval for the study was obtained from the National Health Research and Ethics Committee 
of the Solomon Islands Ministry of Health and Medical Services, and the University of Queensland 
Medical Research Ethics Committee.   Gatekeeper approval for the study was also obtained from the 
Solomon Islands Ministry of Education and Human Resource Development, the Honiara City Council 
(Public Health Services), the National Referral Hospital, and the management committees of the 
participating Child Welfare Clinics and primary schools. 
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Table 1.4. Solomon Islands Country Profile 
SOLOMON ISLANDS COUNTRY PROFILE 
Capital City Honiara  
Population  (July 2016 estimate) Country total: 635,027  
Honiara: 73,000 (2014) 
Age Structure (2016 estimate) 0-14 years:  35.13% 
15-24 years: 20.01% 
25-54 years: 36.12% 
55-64 years: 4.55% 
65 years and older: 4.2% 
Median Age (2016 estimate) Total: 22.2 years 
Male: 22 years 
Female: 22.4 years 
Urbanization (2015) Urban population = 22.3% of total population  
Mother’s mean age at first birth 21.6 years 
Total fertility rate (2016 estimate) 3.22 children born/woman  
Ethnic groups (2009 estimate) Melanesian (95.3%), Polynesian (3.1%), 
Micronesian (1.2%), Other (0.3%) 
Languages Solomon Pijin (lingua franca), English (official 
but only spoken by 1-2% of the population), 
120 local languages 
Literacy (2009 estimate) Definition: Age 15 years and older, and can 
read and write 
Total population: 84.1% 
Male: 88.9% 
Female: 79.2% 
School Life Expectancy (primary to tertiary 
education) (2007) 
Total: 9 years 
Male: 10 years 
Female: 9 years 
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Figure 1.2. Map of the Solomon Islands 
 
 
1.7.3 Aims of the current investigation 
 
The aims of the present study were: 
• Assess parental knowledge and attitudes to childhood hearing loss and hearing services in 
Honiara (Solomon Islands) 
• Assess rate of ear diseases and risk-factors for sensorineural hearing loss among infants 
attending Child Welfare Clinics in Honiara (Solomon Islands) 
• Assess rate of ear diseases and hearing loss among primary school students in Honiara 
(Solomon Islands) 
1.7.4 Major hypothesis of the present investigation 
 
The hypotheses were: 
• H1: Parental attitudes towards childhood hearing loss and hearing services would be positive.  
This would support efforts to implement ear and hearing programs for children in Honiara.     
• H2: The rate of ear diseases and hearing loss among infants attending Child Welfare Clinics in 
Honiara would be >4%.  This would represent a significant public health problem.   
•  H3: The rate of ear diseases and hearing loss among students attending primary school in 
Honiara would be >4%.  This would represent a significant public health problem.  
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CHAPTER 2: PARENTAL KNOWLEDGE AND ATTITUDES TO CHILDHOOD HEARING 
LOSS AND HEARING SERVICES IN THE SOLOMON ISLANDS 
 
2.1 Background 
 
An understanding of parental knowledge and attitudes towards childhood hearing loss and hearing 
services is essential to the successful implementation of Ear and Hearing Programmes for children.  
The literature from Low- and Middle-Income Countries (LMICs) reports on maternal knowledge and 
attitudes towards infant sensorineural hearing loss, however, no published evidence exists for the 
Pacific Islands.  Furthermore, previous work does not investigate the knowledge and attitudes of 
fathers, nor does it address knowledge of otitis media and conductive hearing loss, nor attitudes 
towards school-based hearing services for students. 
Chapter Two describes a study aimed at investigating parental knowledge and attitudes among parents 
in the Solomon Islands. This study differs from previous research by (1) addressing conductive as well 
as sensorineural hearing loss, (2) investigating hearing services for school-age children as well as 
infants, and (3) including fathers as well as mothers in the study population.  In the present study, the 
knowledge and attitudes of mothers and fathers regarding childhood hearing loss and hearing services 
is compared. 
Chapter Two of this thesis has been published in the International Journal of Pediatric 
Otorhinolaryngology.  The published article is inserted into this thesis with minor modifications.  In 
particular, formatting of section headings, sub-headings, and referencing style has been modified from 
the original publication to match the thesis format.  References have been updated to ensure the 
information is current. 
2.2 Abstract 
 
Objective: An understanding of parental knowledge and attitudes towards childhood hearing loss and 
hearing services is essential to the successful implementation of Ear and Hearing Programmes for 
children.  The present study aimed to investigate parental knowledge and attitudes among parents in the 
Solomon Islands. 
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Methods and materials: A total of 100 mothers and 50 fathers were administered a questionnaire via 
semi-structured interviews. 
Results: Highest parental awareness of aetiology of childhood hearing loss was noted for otitis media 
(94%), noise exposure (87.3%), and family history (72.7%).  The highest parental awareness 
concerning public health initiatives to reduce/prevent otitis media was noted for routine childhood 
immunizations (84%) and breast-feeding (76%).  Higher rates of knowledge in fathers than in mothers 
included otitis media (p=0.038), noise exposure (p=0.007), and breast-feeding (p=0.031).  
Approximately half of parents (56%) agreed that curses may cause hearing loss.  Overall, parental 
responses showed positive support for infant hearing screening programs (96%) and school-based ear 
and hearing health examinations (99.3%). 
Conclusions: High levels of parental readiness and support for childhood hearing services in the 
Solomon Islands was evident.  Knowledge of aetiology of childhood hearing loss was highest for otitis 
media, noise exposure and family history.  Knowledge and attitudes of fathers to childhood hearing 
loss and hearing services was either the same or better than that of mothers. 
Key words: Pacific Islands; Parental knowledge; Parental attitude; Childhood hearing loss; Childhood 
hearing services. 
2.3 Introduction 
 
The successful implementation of audiology services in Low and Middle Income Countries (LMICs) 
depends on community support and acceptance of hearing healthcare programmes (DesGeorges, 2003).  
An appreciation of parental knowledge and attitudes towards childhood hearing loss and hearing 
services is essential to the development of relevant and contextually appropriate audiology programmes 
for children.  While negative attitudes may persist in some LMICs towards people with a hearing 
disability (Stephens et al., 2000), there is also evidence that parents are generally very supportive of 
early identification and intervention services for infants and young children with sensorineural hearing 
loss (Ravi, Gunjawate, Yerraguntla, Rajashekhar, et al., 2016).  Early hearing detection programmes 
are usually based on a biomedical model of healthcare, however, the development of paediatric 
audiology initiatives should also be aware of non-biomedical beliefs regarding childhood hearing 
impairment, as these may influence parental hearing healthcare and health-seeking behavior (de 
Andrade & Ross, 2005; Lasisi & Ajuwon, 2002; Odebiyi & Togonu-Bickersteth, 1987).  An 
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understanding of community knowledge and attitudes will also improve the content and effectiveness 
of health promotion activities. 
Audiology services are limited or non-existent in the Pacific Islands (Sanders et al., 2015).  Yet, the 
World Health Organisation (WHO) estimates that this region has the highest global burden of hearing 
loss worldwide (WHO, 2018d).  Among children in particular, a significant proportion of hearing loss 
is due to avoidable causes such as otitis media (OM) and infectious diseases that may be prevented 
through immunisations (WHO, 2018a).  The Oceania region is reported to have the second highest 
overall prevalence of hearing impairment caused by OM worldwide (51.23 per ten thousand), as well 
as the second highest rate of OM-related hearing loss for children 5 years and younger (3.02 per 
thousand) (Monasta et al., 2012).  It is also estimated that this region has the highest incidence of 
Chronic Suppurative Otitis Media (CSOM) in the first year of life (35.96 per thousand), and the 
world’s highest mortality rate due to complications of CSOM (101.1 deaths each year per 10 million) 
(Monasta et al., 2012). 
In view of the current status of childhood hearing loss in the Pacific Islands, a public health approach is 
recommended for the implementation of paediatric audiology services (Kaspar et al., 2016; Kaspar et 
al., 2018).  The avoidable causes of childhood hearing loss could be addressed through existing pubic 
and primary healthcare frameworks.  The integration of audiology services into WHO and United 
Nations Children’s Emergency Fund (UNICEF) initiatives for children could promote greater 
population coverage and community acceptance of new hearing health programmes (i.e., WHO Global 
School Health Programme, UNICEF Expanded Programme on  Immunisation).  A close collaboration 
with the local Ear Nose and Throat (ENT Clinic is also desirable to address the urgent public health 
threat of OM and its complications (Dubey & Larawin, 2007; Dubey et al., 2010).  
A pilot project is currently underway to investigate the integration of paediatric audiology services at 
the ENT Clinic of National Referral Hospital in the Solomon Islands, a Small Island Developing State 
of the Pacific Island region.  There is currently no published evidence on community knowledge and 
attitudes towards childhood hearing loss and hearing services in the Pacific Islands.  However, previous 
work by medical anthropologists in Papua New Guinea suggested that childhood disabilities are 
generally thought to be of supernatural origin, and that people often seek assistance from both 
traditional healers and biomedical-model health practitioners regarding the condition.  These studies 
indicated that biomedical healthcare services may co-exist and be well-accepted by communities within 
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the local framework of non-biomedical beliefs (Byford & Veenstra, 2004; Feinberg, 1990; Lepowsky, 
1990).     
In order to optimise the success of the evolving audiology service, the present study was conducted to 
investigate parental knowledge and attitudes towards childhood hearing loss and hearing services.  The 
study differs from the previous literature (Olusanya, Luxon, et al., 2006b; Rajagopalan et al., 2014; 
Ravi, Yerraguntla, et al., 2016; Swanepoel & Almec, 2008; Wang et al., 2017) by (1) addressing 
conductive as well as sensorineural hearing loss, (2) investigating hearing services for school-age 
children as well as infants, and (3) including fathers as well as mothers in the study population.  The 
inclusion of fathers in the present study acknowledges the significant and active role of men in the 
health care of their children in many Pacific Island nations. 
Study findings will be used to develop health promotion activities aimed at reducing the preventable 
causes of hearing loss, which should further contribute to improvements in maternal and child public 
health as advocated by the United Nations ratified Sustainable Development Goals (UN, 2015).  Given 
the limited information on childhood hearing loss from the Pacific Islands, this study will also serve 
other ear and hearing health programmes in the Pacific region. 
2.4 Method 
 
2.4.1 Participants 
 
A face-to-face interview was conducted with 153 parents (102 mothers, 51 fathers) attending Child 
Welfare Clinics (CWCs) and community Outpatient Departments (OPDs) in the capital city Honiara, 
conveniently sampled during November 2016 to February 2017.  This population was chosen as the 
children of these parents will be the primary recipients of the emerging community-based childhood ear 
and hearing programmes.  The WHO reports the national immunisation coverage rate for first dose 
Diphtheria-Tetanus-Pertussis (DTP) to be 93.99% (administered at CWCs at 6 weeks of age), 
suggesting that our study participants are a representative sample of parents in Honiara (WHO, 2019). 
The three largest community clinics were approached for participation in this study (Mataniko, Kukum, 
and Naha).  All participants were required to be 18 years or older to avoid difficulty in obtaining 
informed consent for minors; the national average of mother’s age at first birth is 21.6 years (See Table 
1.4. Solomon Islands country profile), and we noted that all women attending the clinics on the days of 
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data collection were over 18 years of age.  Parental education level data were not collected out of 
concerns of cultural sensitivity, however, national school life expectancy is similar for both males and 
females (See Table 1.4. Solomon Islands country profile).  All participation was voluntary.  
A total of 153 participants were interviewed, however, 3 interviews were excluded to ensure internal 
consistency of data collection (2 interviews were conducted in the Ranonga language, 1 participant 
completed the questionnaire herself).  
A total of 150 parents were, therefore, included for data analysis. There were 100 mothers and 50 
fathers, and no parents belonged to the same child.  Mean and median age of participants could not be 
determined as some participants did not know their exact age.  As it is common practice in the 
Solomon Islands for participants to report their age according to decade (i.e., “30+” means 30-39 years 
of age), participant age for data analysis was classified according to decade (See Table 2.1).  The 
majority of participants were in the 20-29 and 30-39 age categories. 
 
 Table 2.1. Study participant age and gender information.  
Age 
(years) 
<20 yr (n) 20-29 yr 
(n) 
30-39 yr 
(n) 
40-49 yr 
(n) 
50-59 yr 
(n) 
60-69 yr 
(n) 
Total (n) 
Mothers 12 48 34 6 - - 100 
Fathers 0 11 29 7 1 2 50 
Total (n) 12 59 63 13 1 2 150 
  
All mothers in the study were drawn from mothers attending community CWCs with their infants: 
Naha CWC (n=38), Mataniko CWC (n=37), and Kukum CWC (n=25).  Most fathers in the study were 
drawn from fathers attending community OPD clinics with their children: Kukum OPD (n=37), 
Mataniko OPD (n=9), and Naha OPD (n=2).  Only 2 fathers were interviewed at CWCs: Naha CWC 
(n=1) and Kukum CWC (n=1).   
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2.4.2 Questionnaire 
 
The study questionnaire was administered by one of the registered nurses of the ENT Clinic who is also 
a qualified audiometrist.  It was administered in a semi-structured interview style in the Solomon Island 
Pijin language.  For each participant, demographic information (age, sex), and study location 
(Mataniko/ Kukum/Naha, CWC/OPD) were recorded prior to the administration of the questionnaire. 
The questionnaire used in the present study consisted of 26 items: 9 items to ascertain knowledge on 
biomedical causes of childhood sensorineural hearing loss, 2 items on non-biomedical beliefs regarding 
childhood hearing loss, 5 items on knowledge of OM-related conductive hearing loss and its risk 
factors, 4 items on hearing loss identification and intervention, and 6 items on attitudes to childhood 
hearing services.  Parents were required to answer “yes”, “no” or “unsure”. 
The questionnaire was an adapted version of the questionnaire used by Swanepoel and Almec (2008), 
which itself had been modified from the original questionnaire used by Olusanya, Luxon and Wirz 
(2006).  The present study modified two questions on non-biomedical beliefs of childhood hearing loss 
to reflect the reported cultural beliefs towards aetiology of disabilities in Melanesian societies (i.e., 
“Evil spirits can cause HL”, “Curses can cause HL”) (Byford & Veenstra, 2004).  Additional questions 
on biomedical causes of hearing impairment (i.e., family history, noise exposure) and service options 
(i.e., Oto-Acoustic Emission (OAE) hearing assessment, surgical intervention) were adapted from an 
Indian study (Rajagopalan et al., 2014).  Consanguinity as a risk factor for congenital hearing loss was 
excluded from the study as this is not practised in the Pacific Islands, and it was felt that the question 
would appear culturally insensitive.  The items on OM-related conductive hearing loss and associated 
risk factors were adapted from the surveys based in Nigeria (Adeyemo, 2012) and India (Srikanth et al., 
2009). 
The recent introduction of the Measles & Rubella Initiative in the Solomon Islands prompted the 
question on maternal rubella as a cause of hearing loss (M&R, 2012).  The annual Royal Australian 
College of Surgeons (RACS) ENT Surgical Visit to the Solomon Islands led to the question on 
attitudes to ear surgery (Baxter, 2012).  The current development of a school-based ear and hearing 
programme prompted the question on parental willingness for school-based services.  
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2.4.3 Data analysis 
 
The study results were entered into an Excel spreadsheet by the PhD candidate (AK).  Parental 
responses were assigned a numerical code: Yes=1, No=2, and Unsure=3.  Results were then transferred 
into the SPSS statistical software package, and data analysis was performed in collaboration with the 
Audiology Division of the University of Queensland, which included consultation with a statistician.  
Parental responses were tallied for each question according to gender and age group.  Chi-squared 
Linear-by-Linear Association tests were performed to detect any significant associations between 
response proportions (Yes/No/Unsure) and gender, and age groups, respectively (See Table 2.2).  
2.5 Results 
 
2.5.1 Knowledge of aetiology of sensorineural hearing loss 
 
Overall, highest parental awareness for knowledge of aetiology of biomedical causes of hearing loss 
were obtained for noise exposure (87.3%) and family history (72.7%).   Overall, lowest parental 
awareness for knowledge of aetiology of biomedical causes of hearing loss were obtained for delayed 
cry at birth (13.3%) and jaundice (15.3%).  (N.B. “delayed cry at birth” refers to birth asphyxia, and we 
kept the same terminology that was used in the previous studies). 
There was a significant association between gender and response, with better knowledge among fathers 
than mothers for noise exposure (p=0.007), maternal rubella (p=0.006), measles (p=0.008), and 
congenital hearing loss (p=0.014) as aetiologies of childhood sensorineural hearing loss.  There was 
also a significant association between age groups for family history (p=0.033), maternal rubella 
(p=0.031), and drugs/medications as causes of childhood hearing loss, with a general trend observed 
for better knowledge with increasing age.  However, it should be noted that participant numbers were 
low in the <20yr, 50-59yr, and 60-69yr age categories.   
For the two questions on non-biomedical causes of hearing loss, a total of 56% participants believed 
curses may cause hearing loss, and 22% participants believed evil spirits may cause hearing loss.  
There was a significant association between gender and response regarding evil spirits, showing that a 
greater number of fathers than mothers agreed with this belief (p=0.008).  There was also a significant 
association between age and response to the question on evil spirits, with a general trend observed for 
increasing belief in this cause with increasing age (p=0.021).    
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Questions YES (n) NO (n) UNSURE (n) 
 Mother Father Total n(%) Mother  Father Total 
n(%) 
Mother Father Total n(%) 
Knowledge: SNHL Risk-factors           
Babies can be born with HL 19 23 42 (28) 58 17 75 (50) 23 10 33 (22) 
High fever can cause HL 33 26 59 (39.3) 34 10 44 (29.3) 33 14 47 (31.3) 
Measles can cause HL 23 23 46 (30.7) 39 15 54 (36) 38 12 50 (33.3) 
Maternal rubella can cause HL 24 26 50 (33.3) 29 7 36 (24) 47 17 64 (42.7) 
Drugs/medication can cause HL 39 26 65 (43.3) 42 17 59 (39.3) 19 7 26 (17.3) 
Jaundice can cause HL 15 8 23 (15.3) 42 25 67 (44.7) 43 17 60 (40) 
Delayed crying at birth can cause HL 15 5 20 (13.3) 54 31 85 (56.7) 31 14 45 (30) 
Family history can cause HL 68 41 109 (72.7) 22 6 28 (18.7) 10 3 13 (8.7) 
Noise exposure can cause HL 82 49 131 (87.3) 14 1 15 (10) 4 0 4 (2.7) 
Non-Biomedical Model Beliefs          
Evil spirits can cause HL 17 16 33 (22) 58 29 87 (58) 25 5 30 (20) 
Curses can cause HL 57 27 84 (56) 24 21 45 (30) 19 2 21 (14) 
Knowledge: OM and CHL Risk-Factors          
Ear discharge and OM can cause HL 91 50 141 (94) 4 0 4 (2.7) 5 0 5 (3.3) 
Recurrent flu can cause OM 47 23 70 (46.7) 36 12 48 (32) 17 15 32 (21.3) 
Breast-feeding for first 6 months can reduce/prevent OM 71 43 114 (76) 20 6 26 (17.3) 9 1 10 (6.7) 
Smoke (tobacco/woodfire) can predispose to OM 45 24 69 (46) 29 13 42 (28) 26 13 39 (26) 
Routine childhood immunisations can reduce OM 83 43 126 (84) 9 4 13 (8.7) 8 3 11 (7.3) 
Knowledge: Identification and Intervention          
HL can be identified soon after birth 18 14 32 (21.3) 73 32 105 (70) 9 4 13 (8.7) 
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Table 2.2. Summary of Parental Knowledge and Attitudes to Childhood Hearing Loss and Hearing Services in the Solomon Islands. 
SNHL=Sensorineural Hearing Loss; HL=Hearing Loss; OM=Otitis Media; CHL=Conductive Hearing Loss; OAE=Oto-Acoustic Emissions 
 
 
 
Speech/language problems can be a sign of HL 40 29 69 (46) 44 19 63 (42) 16 2 18 (12) 
Treatment for HL is available 58 25 83 (55.3) 10 7 17 (11.3) 32 18 50 (33.3) 
Children with HL can attend school 61 45 106 (70.7) 37 4 41 (27.3) 2 1 3 (2) 
Attitudes to childhood audiology services          
I would like my baby tested soon after birth 96 48 144 (96) 2 0 2 (1.3) 2 2 4 (2.7) 
I would accept OAE hearing screening test for my baby 91 49 140 (93.3) 6 0 6 (4) 3 1 4 (2.7) 
I would like my child tested at school 99 50 149 (99.3) 0 0 0 (0) 1 0 1 (0.7) 
I would let my child use hearing aids 93 48 141 (94) 2 1 3 (2) 5 1 6 (4) 
I would accept ear surgery for my child 62 34 96 (64) 23 7 30 (20) 15 9 24 (16) 
I would like more information 98 50 148 (98.7) 1 0 1 (0.7) 1 0 1 (0.7) 
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2.5.2 Knowledge of OM-related conductive hearing loss and its risk factors 
 
Overall knowledge for otitis media as a cause of hearing loss was excellent, with 94% of parents 
responding positively.  Parental knowledge of public health measures to prevent/reduce otitis media 
was also excellent for both routine childhood immunisations (84%) and breast-feeding (76%).  In 
contrast, parental knowledge of risk factors for otitis media was poor for recurrent upper respiratory 
tract infections (46.7%) and smoke exposure (46%). 
A significant association was measured between gender and response for otitis media (p=0.038) and 
breast-feeding (p=0.031), with greater knowledge demonstrated among fathers than mothers.   
2.5.3 Knowledge of childhood hearing loss identification and intervention services 
 
Overall, 21.3% of parents responded that hearing loss may be identified soon after birth, 46% 
responded that speech/language problems may be a sign of hearing loss, 55.3% responded that 
treatment for hearing loss is available, and 70.7% agreed that children with hearing loss can attend 
school.  There was a significant difference measured between mothers and fathers regarding 
speech/language problems as a sign of hearing loss (p=0.011), with better knowledge displayed among 
fathers (58%) than mothers (40%).  There was also a significant difference measured between mothers 
and fathers regarding attendance at school for children with hearing loss (p=0.001), with 90% of fathers 
responding positively compared to 61% of mothers. 
 2.5.4 Attitudes to paediatric audiology services 
 
Attitudes to childhood hearing services were very positive, with overall parental responses showing 
96% acceptance of an infant hearing test, 93.3% acceptance of an OAE screening test, 99.3% 
acceptance of school-based hearing tests, 94% acceptance of hearing aids if required, 64% acceptance 
of surgery if required, and 98.7% interested in more information.  There were no significant 
associations between gender or age on these questions. 
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2.6 Discussion 
 
Overall, parental knowledge for otitis media, noise exposure, and family history as causes of childhood 
hearing loss was very high.  The knowledge of otitis media as a cause of hearing loss was significantly 
greater in the present study (94%) than in the previous studies from Nigeria, South Africa, China, and 
India (54-79%) (Olusanya, Luxon, et al., 2006b; Rajagopalan et al., 2014; Ravi, Yerraguntla, et al., 
2016; Swanepoel & Almec, 2008; Wang et al., 2017).  Knowledge of noise exposure in the present 
study was similar to that reported from China (88.7%) (Wang et al., 2017), and better than that reported 
in the two studies from India (62-70.3%) (Rajagopalan et al., 2014; Ravi, Yerraguntla, et al., 2016).  
Knowledge of family history as a cause of hearing loss (72.7%) was similar to that of the Indian study 
(67%)  by Rajagopalan and colleagues (2014). 
The results of the present study also showed substantially better knowledge of preventive measures for 
otitis media than those reported from the Indian study by Srikanth and colleagues ((2009).  Results 
from their study showed that only 12.7% of parents were aware of the benefits of immunisation, and 
less than 50% knew that breast-feeding could help reduce episodes of otitis media. 
There was good knowledge for drugs/medications as a cause of childhood hearing loss. This may 
possibly be explained by the ototoxicity that was historically caused by  quinine-based malaria 
treatments before the advent of the current artemisinin-based combination chemotherapy (McCall et al., 
2006).  Previous studies showed variable results for this item, ranging from 9-76.5% (Rajagopalan et 
al., 2014; Swanepoel & Almec, 2008).  The results of the present study are similar to those of the 
Nigerian study (50%) (Olusanya, Luxon, et al., 2006b).  
In contrast, knowledge of high fever (39.3%), measles (30.7%) and maternal rubella (33.3%) as causes 
of childhood hearing loss were not well-known.  The original study from Nigeria by Olusanya and 
colleagues (2006) showed significantly higher parental awareness of measles (73%) and high fever 
(55%) as aetiological factors of hearing loss.  Knowledge of high fever as a cause was highest in the 
study from China (82.6%) (Wang et al., 2017).  The results of the present study are comparable to 
reports from India and South Africa regarding maternal knowledge of high fever (26.5-50%) and 
measles (19.6-43%) as risk factors for hearing loss (Rajagopalan et al., 2014; Ravi, Yerraguntla, et al., 
2016; Swanepoel & Almec, 2008).  No previous study investigated knowledge of maternal rubella to 
enable comparisons. 
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There was little awareness of the peri- and post-natal risk-factors for sensorineural hearing loss.  
Similar results were reported in the Indian study by Rajagopalan and colleagues (2014), however, 
another study from India as well as the studies from China, Nigeria and South Africa, showed better 
scores for both jaundice (20-47%) and delayed cry at birth (29.7-66%) (Olusanya, Luxon, et al., 2006b; 
Ravi, Yerraguntla, et al., 2016; Swanepoel & Almec, 2008; Wang et al., 2017).   This presents an 
opportunity to reinforce maternal and neonatal health care messages during hearing promotion 
activities.  Improved maternal health care is an on-going focus of health development in the Solomon 
Islands, and the possible long-term impacts beyond infant survival should be part of the discussion 
(UNICEF, 2018; WHO, 2018e). 
For the item on knowledge regarding congenital hearing loss, the overall parental awareness was 28%.  
This is substantially lower than previous studies where knowledge of congenital hearing loss was 63-
68% (Olusanya, Luxon, et al., 2006b; Rajagopalan et al., 2014; Swanepoel & Almec, 2008).  
Anecdotally, it is a common belief in the Solomon Islands that a baby is born completely healthy, and 
that any illness or disability occurs in the post-natal period.  The fact that 50% of participants 
responded that babies cannot be born with hearing loss suggests these beliefs persist, and this has 
implications for the management of childhood hearing disability, particularly for cases of idiopathic 
congenital hearing loss.  Anecdotally, it was also reported that blame tends to be attributed to the 
mother for any childhood disability, similar to previous studies from Africa (Lasisi & Ajuwon, 2002; 
Odebiyi & Togonu-Bickersteth, 1987).  In the present study, this question was phrased to ensure 
“congenital hearing loss” referred to a hearing loss already present at the time of birth, rather than an 
early-onset hearing loss that may be attributed to other causes. 
The knowledge of fathers was significantly better than that of mothers for the questions on noise 
exposure, maternal rubella, measles, congenital hearing loss, otitis media, and breast-feeding.  The 
Solomon Islander interviewer (ON) felt that this was likely due to the higher education levels of fathers 
in the study, however this could not be verified as school attainment data was not collected.  It is also 
possible that better knowledge was generally displayed among fathers because their children were older 
(CWC is usually reserved for 0-2 year age group, OPD for children over 2 years of age), and they were 
probably more experienced with childhood healthcare concerns. The interviewer also felt that good 
knowledge could be partly attributed to active health promotion, including a popular Health Talk radio 
programme, and regular community-level health events.   
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Non-biomedical beliefs regarding causes of childhood hearing loss were reported.  Approximately half 
of participants believed that curses may cause hearing loss, and almost a quarter believed evil spirits 
may cause hearing loss.   More fathers than mothers believed evils spirits to be a cause of hearing loss, 
and it was noted by the interviewer (ON) that the majority of fathers in the study were from a province 
in the Solomon Islands where belief in evil spirits is particularly strong, which may have contributed to 
this finding.  Once again, there are management implications for congenital hearing loss, particularly 
for cases where there is no clear biomedical aetiology.  These findings are consistent with a study from 
Papua New Guinea which reported that disability is often attributed to a supernatural cause (Byford & 
Veenstra, 2004).  Non-biomedical beliefs were also important in the South African study (Swanepoel & 
Almec, 2008), but not so evident in the two studies from India (Rajagopalan et al., 2014; Ravi, 
Yerraguntla, et al., 2016).  
Knowledge of identification of infant hearing loss was poor, consistent with the current lack of services 
in the Solomon Islands.  Excluding the study by Rajagopalan and colleagues ((2014), this is a very 
different result from all the other previous studies from Africa, China and India where knowledge of 
early identification was 57-77.4%.  The knowledge of speech and language problems as a sign of 
hearing loss was also poor, and should therefore be emphasised in health promotion activities to 
encourage parents to seek professional advice if this is observed.  Knowledge of availability of 
treatment for hearing loss was good, and probably related to knowledge of medical or surgical 
interventions for conductive hearing loss. 
There was an overwhelmingly positive attitude towards childhood hearing services, including 
community-based infant and school hearing health programmes.  This is similar to all the previously 
cited studies from LMICs.  It may be beneficial to provide hearing services at no cost to parents, as a 
study from South Africa found that payment for hearing screening caused some parents to refuse the 
service despite support for audiology care (Scheepers et al., 2014).  There was also evidence of parental 
readiness for rehabilitative interventions, similar to previous studies (Olusanya, Luxon, et al., 2006b; 
Rajagopalan et al., 2014; Swanepoel & Almec, 2008).  Parental preference of amplification devices 
rather than surgery was measured, and the developing audiology service should not ignore children 
with long-term bilateral conductive hearing loss as candidates for amplification, in order to minimize 
any adverse effects on speech and language development.   
Surgical intervention was the least preferred service, with 63.7% of parents responding that they would 
accept ear surgery for their child if required.  Acceptance of surgery was greater in the study from India 
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(89%) by Rajagopalan and colleagues (2014).  The study from Nigeria on risk-factors for otitis media 
found that parents displayed a strong willingness to make behavioural modifications if this avoided 
surgical intervention (Adeyemo, 2012).  ENT surgery services in the Solomon Islands currently consist 
of an annual visit 10-day visit from an ENT surgery team from Australia, and parental willingness for 
surgical intervention may assist with triage and efficiency of these visits. 
Almost all parents responded positively to desiring more information on ear and hearing disorders.  
This suggests that there would be great parental support for community-based ear and hearing health 
promotion activities.  These may be integrated with existing WHO or UNICEF initiatives, or even 
conducted independently to highlight the services of the ENT Clinic service (i.e., World Hearing and 
International Ear Care Day 3rd March).  Other initiatives include the development of an appropriate 
information pamphlet for parents (Joubert & Githinji, 2014), as well as information sessions for health 
professionals (López-Vázquez, Berruecos, Lopez, & Cacho, 2009; Muniz et al., 2010; Olusanya & 
Roberts, 2006; Ravi, Gunjawate, Yerraguntla, Lewis, & Rajashekhar, 2017; Ravi, Gunjawate, 
Yerraguntla, & Rajashekhar, 2018). 
2.7 Limitations of the present study 
 
The present study was conducted in the capital city Honiara, and different results could be expected in 
rural/remote regions of the Solomon Islands.  The urban population generally has greater access to 
education and medical services than rural/remote populations.  Non-biomedical beliefs regarding 
healthcare are also reported to be more prevalent outside urban settings.  The present study did not 
enquire about traditional medicines.  This may be important in subsequent studies given the evidence 
that parents’ confidence in biomedical science-based medicine is reduced by antibiotic resistance, and 
may lead to people returning to traditional medicines (Njoroge & Bussmann, 2006).   
Although a minimum of two staff members was planned for data collection to minimise intra-tester 
bias, only one ENT registered nurse was available to perform the interviews for the present study (N.B. 
The data in the studies from Nigeria and South Africa were also collected by only one interviewer).  
Although the questionnaire was validated by the original study from Nigeria (Olusanya, Luxon, et al., 
2006b), another validation study would have been beneficial in this case as the questionnaire was 
administered in another country and language.  The recommendation of performing a test-retest 
reliability of responses has been added to the Procedures and Protocols Manual (Appendix E). 
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There may have been some limitations associated with the Solomon Island context and Pijin language.  
The question on ‘high fever’ intended to investigate knowledge of meningitis as a cause of hearing 
loss.  Given that malaria and dengue are also endemic infections associated with high fever in the 
Solomon Islands, it is unclear how parents interpreted ‘high fever’.   
Another limitation is the fact that the education level of participants was not ascertained.  Future 
studies of this kind should document participant education to clarify whether any significant gender 
differences are an educational effect, or indeed a true gender effect. 
2.8 Summary 
 
There were high levels of reported parental support and readiness of childhood hearing services in the 
Solomon Islands.  There weire high levels of knowledge on otitis media as a major cause of childhood 
hearing loss, and preventive measures of routine childhood immunisations and breast-feeding were 
generally well-known.  Curses as reported causal factors of hearing loss were also prominent in the 
study population.   
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CHAPTER 3: PREVALENCE OF OTITIS MEDIA AND RISK FACTORS FOR 
SENSORINEURAL HEARING LOSS AMONG INFANTS ATTENDING CHILD WELFARE 
CLINICS IN THE SOLOMON ISLANDS 
 
3.1 Background 
 
The WHO recommends that Newborn and Infant Hearing Screening (NIHS) should be the goal of all 
member states.  Alternative and interim NIHS programmes are acceptable for Low- and Middle-
Income Countries (LMICs) where there are competing or limited resources.  Although there is a 
growing body of literature of NIHS programmes in LMICs, there is no published research from the 
Pacific Island region.  Furthermore, although previous research is focused on the early identification 
and intervention for newborns and infants with sensorineural hearing loss, a priority for Pacific Island 
nations is early management of otitis media to prevent progression to severe morbidities and possible 
mortality. 
Chapter Three describes a study aimed at assessing the prevalence of otitis media and risk-factors for 
sensorineural hearing loss among infants in the Solomon Islands, in order to recommend an Infant Ear 
and Hearing Programme that would be appropriate to the Pacific Island context.  This study differs 
from previous NIHS literature in LMICs by (1) considering the available resources of the Pacific Island 
context, (2) placing an emphasis on the diagnosis and management of ear disease, and (3) using the 
JCIH Risk-Factor Questionnaire (Modified for Developing Countries) as the screening tool.  
Comparisons are made between the prevalence of otitis media among 0-6 month and 7-12 month-old 
infants. 
Chapter Three of this thesis has been published in the International Journal of Pediatric 
Otorhinolaryngology.  The published article is inserted into this thesis with minor modifications.  In 
particular, formatting of section headings, sub-headings, and referencing style has been modified from 
the original publication to match the thesis format.  The term “prevalence” has also been substituted 
with “rate” in the current chapter.  References have been updated to ensure the information is current. 
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3.2 Abstract 
 
Objective: The present study aimed to assess the rate of otitis media and risk-factors for sensorineural 
hearing loss among infants in the Solomon Islands, in order to recommend an Infant Ear and Hearing 
Programme that would be suitable to the Pacific Island context 
Methods: Ear examinations and the JCIH Risk-Factor Questionnaire were administered to 288 infants 
attending Child Welfare Clinics in the Solomon Islands. 
Results: Overall, 150 infants (52.09%) presented with bilateral normal ear examinations and no risk-
factors for SNHL.  There were 73 infants (25.34%) with ear pathology in at least one ear, 13 (4.5%) of 
whom required referral to the ENT Clinic for medical management.  The most common pathology was 
otitis media with effusion (OME) (21.87%).  Infants aged 7-12 months were significantly more likely 
to present with OME (p<0.001) and a history of otitis media (p=0.017) than infants aged 0-6 months.  
There were 71 infants (24.65%) with at least one risk-factor for SNHL.  The most common risk-factors 
were ototoxicity (8.3%), non-elective caesarean delivery (6.59%), and possible in-utero syphilis 
infection (5.55%). 
Conclusions: The rate of otitis media and risk-factors for SNHL indicate the importance of initiating 
Infant Ear and Hearing Programmes in the Solomon Islands.  Programmes should facilitate the early 
education on prevention of ear disease, as well as early diagnosis and management of children with 
hearing loss. 
Key words: Otitis media; Sensorineural hearing loss; Newborn and Infant Hearing Screening; Pacific 
Islands. 
3.3 Introduction 
 
The WHO recommends that Newborn and Infant Hearing Screening (NIHS) should be the goal of all 
member states (WHO, 2010).  Early identification and intervention for infants born with Permanent 
Congenital or Early-Onset Hearing Impairment (PCEOHI) should reduce the well-known adverse 
effects of PCEOHI on childhood development and social well-being (WHO, 2010).  It is estimated that 
90% of the infants born annually with PCEOHI are found in LMICs, where NIHS programmes are 
limited or non-existent (Olusanya, 2005).  It is further estimated that up to 6 per 1000 infants in LMICs 
are born with PCEOHI (compared to 2-4 per 1000 in high-income nations), largely due to risk factors 
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associated with maternal and infant health care (Olusanya, Ruben, et al., 2006).  Given the competing 
health priorities and resource limitations of the LMIC context, an alternative model to the hospital-
based Universal Newborn Hearing Screening (UNHS) found in high-income nations is required. 
There is a growing body of literature on identification of infants with PCEOHI through NIHS 
programmes in LMICs.  Community-based immunisation clinics have emerged as one of the most 
successful platforms for NIHS programmes (Olusanya & Okolo, 2006b; Swanepoel et al., 2006).  
Physiological tests are used for hearing screening, and sophisticated audiological assessment and 
management is available for infants who require further intervention (Ahmad et al., 2011; Bevilacqua 
et al., 2010; Kumar & Mohapatra, 2011).  In contrast, there is limited literature on the implementation 
of NIHS programmes in communities where audiological resources are few or non-existent. 
There is currently little research evidence on NIHS programmes in the Pacific Islands (Kaspar et al., 
2016).  Although this region is estimated to have among the highest global rate of childhood hearing 
loss (WHO, 2018d), audiology services are virtually non-existent (Sanders et al., 2015).  The United 
Nations Sustainable Development Goal Project has created opportunities to address childhood 
disability through WHO/UNICEF initiatives (UNICEF, 2018; WHO, 2018e).  Child Welfare Clinics 
(CWCs) are a primary health care platform that may be suitable for NIHS programmes in the Pacific 
Islands. 
There is also limited research to guide the development of NIHS programmes where physiological 
testing, amplification options, or hearing health professionals are unavailable.  While there are 
arguments against the implementation of NIHS programmes in such circumstances (Olusanya, Luxon, 
et al., 2006a), the WHO does in fact recommend interim measures until more sophisticated 
technologies become available (WHO, 2010).  Indeed, Community Based Rehabilitation (CBR) 
workers are recognised by the WHO as essential health professionals in the care and management of 
children with hearing loss, and the vital role of CBR workers is gaining importance in Pacific Island 
nations (WHO, 2012). 
The existing NIHS programme literature from LMICs does not address middle ear disease.  Yet, a 
recent global review estimated that the Pacific Islands have the highest incidence of infant Chronic 
Suppurative Otitis Media (CSOM), and the highest infant mortality rate due to complications of CSOM 
(Monasta et al., 2012).  The high rates of ear disease among infants were also documented in two early 
landmark papers from the Solomon Islands (Eason et al., 1986) and Micronesia (Dever et al., 1985).  
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More recent publications from Papua New Guinea highlight the on-going difficulties in accessing 
health care services that lead to potentially fatal complications of CSOM in children (Dubey & 
Larawin, 2007; Dubey et al., 2010).  An NIHS programme in the Pacific Islands cannot ignore the 
urgent public health need to prevent, diagnose, and manage OM among the infant population. 
The ENT Clinic of the National Referral Hospital in the Solomon Islands is currently developing an 
outreach programme to reduce the prevalence of advanced stages of ear disease in their community.  A 
previous study suggests that parents would be extremely supportive of community-based ear and 
hearing services for infants (Kaspar et al., 2017).  In order to recommend a suitable protocol for the 
ENT Clinic outreach service for infants, the present study was conducted to assess the rate of OM and 
risk factors for sensorineural hearing loss among infants attending Child Welfare Clinics in the 
Solomon Islands.  This study differs from previous NIHS literature in LMICs by (1) placing an 
emphasis on the diagnosis and management of ear disease, and (2) using the JCIH Risk Factor 
Questionnaire (Modified for Developing Countries) to provide information on the risk factors for 
sensorineural hearing loss in this cohort of infants.  Should the rate of otitis media and risk factors for 
sensorineural hearing loss present a public health problem in the population, the recommendation of an 
interim NIHS programme in the Solomon Islands will be justified. 
3.4 Method 
 
3.4.1 Participants 
 
Eight Child Welfare Clinics (CWCs) in the capital city Honiara were approached for participation in 
the study.  Data collection was performed over eight days during August 2017.  All infants attending 
the CWCs for routine reviews on the days of data collection were eligible for the study.  An invitation 
was issued to all caregivers on the days of data collection for participation in the study, and a total of 
289 caregivers consented for their infant to take part in the project.  One participant was the child of 
non-Solomon Islander parents living in Honiara, and his results were excluded from the study.  A total 
of 288 infants, therefore, were included for data analysis. 
Data collection was performed at five of the eight Honiara CWCs: Mataniko CWC (n=35), Whiteriver 
CWC (n=88), Rove CWC (n=63), Vura CWC (n=69), and Kukum CWC (n=33).  There were 159 male 
and 129 female infants.  The majority of participants belonged to the 0-6 months (n=151) or 7-12 
months (n=100) age groups (Table 3.1.): this age classification was selected to assess for evidence of 
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chronic middle ear disease.  For each participating infant, data were collected regarding age of the 
mother, and the majority of mothers were between 20-29 (58.68%) and 30-39 (30.2%) years of age.    
 
Table 3.1. Infant Participant Age and Gender (n=288) 
Age Male Female Total 
0-6 months 79 72 151 
7-12 months 60 40 100 
13-18 months 14 11 25 
19-24 months 4 5 9 
24+ months 2 1 3 
Total 159 129 288 
 
3.4.2 Assessment Procedure 
 
A senior ENT Registered Nurse (ON) performed ear examinations on all participating infants using the 
Vorotek-O-Scope equipment, and administered the JCIH Risk-Factor Questionnaire (Modified for 
Developing Countries) to all participating caregivers in Solomon Island Pijin.  The PhD candidate 
(AK) reviewed the participating infant’s Child Health Record book for birth/growth/medical history, as 
well as any recorded episodes of OM.  Participation in the project was offered to all ENT Clinic staff 
members, however time and resource restrictions prevented their participation.  The second author 
(ON) was the most suitable candidate for the project as the only senior ENT Registered Nurse with an 
audiometrist qualification.  He was also the person who approached the PhD candidate (AK) about the 
possibility of the project, and facilitated approval for the study among the relevant stakeholders in the 
Solomon Islands.   
Ear examination results were recorded for each ear, and classified as No Abnormalities Detected 
(NAD), Acute Otitis Media (AOM), CSOM, OME, Dry Perforation of the Tympanic Membrane, 
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Cerumen Impaction, or Other Abnormality.  Medical intervention was administered as required by the 
senior ENT Registered Nurse.  As per the ENT Clinic protocol, infants were prescribed topical 
ciprofloxacillin ear drops for CSOM, oral amoxicillin for AOM, tetracycline ointment for eczema, and 
pure coconut oil to soften impacted wax prior to its removal.  Infants were referred to the ENT Clinic 
for review to monitor resolution of these ear pathologies.  For infants presenting with OME, the ENT 
Registered Nurse advised keeping the child’s nose clean and dry, and recommended review at their 
next CWC appointment. 
The JCIH Risk Factor Questionnaire (Modified for Developing Countries) (WHO, 2010) consisted of 
14 items: family history, cranio-facial anomalies, syndromes associated with hearing loss, in-utero 
infections, prematurity/low birthweight, birth asphyxia and/or Apgar score 0-6 at 5 minutes, 
mechanical ventilation lasting 5 days or more, ototoxic medication, bacterial meningitis, 
hyperbilirubinemia requiring exchange blood transfusion, maternal hypertensive disorders in 
pregnancy, non-elective caesarean delivery, unskilled attendant at delivery, and undernutrition.  The 
first 10 items are established risk factors for Permanent Congenital or Early-Onset Hearing Impairment 
(PCEOHI), while the last 4 items are emerging risk factors for PCEOHI in LMICs.  The present study 
excluded “consanguinity” and “sickle-cell anemia” from the questionnaire as there is minimal 
probability of these risk-factors in the Solomon Islands.  It was noted that testing for the five in-utero 
infections is not routinely performed in the Solomon Islands, and mothers were able to report an 
antenatal positive screen for syphilis only.  Blood transfusion for hyperbilirubinemia is rare and we, 
therefore, only noted infants with neonatal jaundice who required phototherapy.  For each item on the 
JCIH Risk Factor Questionnaire, a “yes”, “no”, or “unsure” response was required. 
 The infant’s Child Health Record book provided evidence for the following items: cranio-facial 
anomalies, syndromes associated with hearing loss, prematurity/low birthweight, birth asphyxia and/or 
Apgar score 0-6 at 5 minutes, mechanical ventilation lasting 5 days or more, ototoxic medication, 
bacterial meningitis, hyperbilirubinemia, and undernutrition.  All other items required parental report.  
Following the ear examination and administration of the JCIH Risk Factor Questionnaire, all caregivers 
received basic information on ear health care for infants.  A summary of the assessment was recorded 
in the participating infant’s Child Health Record book, including any recommendations.  Infants who 
required further medical intervention for ear pathology (i.e., CSOM) were referred to the ENT Clinic, 
while infants with OME were advised to be reviewed by CWC nurses.  Infants with risk factor(s) for 
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sensorineural hearing loss were referred to the visiting Community-Based Rehabilitation worker for 
monitoring of speech and language development milestones.     
3.4.3 Data analysis 
 
The study results were entered into an Excel spreadsheet by the PhD candidate (AK).  Ear examination 
results and responses to the JCIH Risk Factor Questionnaire were assigned a numerical code.  These 
results were then transferred into the STATA and SPSS statistical software packages, and data analysis 
was performed in collaboration with the Audiology Division of the University of Queensland, which 
included consultation with a statistician.  Ear examination results were tallied according to age group, 
and the Pearson chi-squared test was performed to investigate for any significant difference between 
ear examination results, and the infant age and gender variables.  For the JCIH Risk Factor 
Questionnaire, response frequencies were tallied for each item.  
3.5 Results 
 
There were 215 infants (74.65%) who passed their ear examination for both ears, while 73 infants 
(25.35%) presented with ear pathology in at least one ear (Figure 3.1.).  The most common diagnosis 
was OME (n=63, 21.87%), followed by CSOM (n=5, 1.73%), eczema on auricle (n=4, 1.38%), acute 
OM (n=2, 0.69%), and impacted cerumen (n=2, 0.69%).  There were 13 infants (4.5%) who required 
referral to the ENT Clinic for further medical intervention. 
Among infants with OME (n=63), 77.78% of cases (n=49) were bilateral OME.  Among infants aged 
0-12 months (n=251), OME (p<0.001) and a history of OM (p=0.03) were significantly more common 
among the 7-12 month age group than the 0-6 month age group.  Gender was not a significant factor for 
OME diagnosis or history of OM (Table 3.2.).   
There were 71 infants (24.65%) with at least one risk factor for SNHL (Table 3.3.).  The most 
commonly reported risk factor was a history of ototoxic medication (8.3%).  In the majority of cases 
(75%), this was the administration of a combination drug therapy which included gentamycin for the 
treatment of neonatal sepsis.  The remaining cases were administration of gentamycin in the treatment 
of meningitis (n=2), severe pneumonia requiring hospitalization (n=2), and admittance to Special Care 
Nursery (n=2).  The second most common risk factor was the emerging JCIH risk factor of non-
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elective caesarean delivery (6.59%), followed by a reported positive result on antenatal syphilis 
screening blood test (5.55%).    
Among the 71 infants with at least one risk factor for SNHL, 46 infants (64.8%) presented with one 
risk factor only.  Among the 25 infants (35.2%) with more than one risk factor for SNHL, 17 infants 
presented with ototoxic medication as one of the risk factors: 12 infants reported one other risk factor, 
which might explain the reason for administration of gentamycin (i.e., meningitis, mechanical 
ventilation during hospitalization for neonatal sepsis or severe pneumonia).    
Table 3.2. Summary of OM Results for 0-12 month old infants (n=251) 
 GENDER AGE 
 Male  Female  Pearson 2 Test 0-6 
months 
7-12 
months 
 Pearson 2 Test 
OME in at least one 
ear 
27/139 16/112 2=1.1537 p=0.283 12/151 31/100 2=22.5202 p<0.001 
Bilateral OME 23/139 13/112  2=1.231 p=0.267 9/151 27/100 2=21.6766 p<0.001 
History of at least 
one episode of OM 
16/139 9/112 2=0.8352 p=0.361 10/151 15/100 2=4.7079 p=0.030 
*p-value significant at <0.05 
Figure 3.1. Summary of Infant Ear and Hearing Program Results 
 
 
 
 
 
 
Otoscopy and JCIH Risk-Factor Questionnaire (Modified for Developing Countries) 
N= 288 (100%) 
Passed Ear Examination 
and no Risk-Factors for 
SNHL 
N= 150 (52.08%) 
 
Failed ear examination 
in at least one ear 
N= 73 (25.34%) 
At least one Risk-
Factor for SNHL 
N= 71 (24.65%) 
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Table 3.3. Summary of responses to the JCIH Risk-Factor Questionnaire (n=288) 
JCIH Risk-factor for SNHL Yes n(%) No Unsure 
1. Family history 5 (1.73%) 282 1 
2. Cranio-facial anomalies 1 (0.34%) 287 0 
3. Syndromes associated with hearing loss 1 (0.34%) 287 0 
4. In-utero infection (rubella, CMV, 
syphilis, toxoplasmosis, herpes) 
16 (5.55%) 254 18 
5. Prematurity (<34 weeks) /low 
birthweight (<1500g). 
5 (1.73%) 272 11 
6. Birth asphyxia and/or Apgar score 0-6 at 
5 minutes 
6 (2.08%) 266 16 
7. Mechanical ventilation lasting 5 days or 
more 
5 (1.73%) 282 1 
8. Ototoxic medication 24 (8.3%) 262 2 
9. Bacterial meningitis 2 (0.69%) 285 1 
10. Hyperbilirubinemia requiring exchange 
blood transfusion 
2 (0.69%) 285 1 
11. Maternal hypertension disorders in 
pregnancy 
11 (3.81%) 268 9 
12. Non-elective cesarean delivery 19 (6.59%) 269 0 
13. Unskilled attendant at delivery 4 (1.38%) 283 1 
14. Undernutrition 8 (2.77%) 280 0 
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3.6 Discussion 
 
The aim of the present study was to assess the rate of OM and risk factors for SNHL among infants in 
the Solomon Islands.  Approximately half the infants in our study sample both passed their ear 
examinations and reported no risk factors for sensorineural hearing loss.  Almost a quarter of all infants 
were diagnosed with ear pathology in at least one ear, with OME the most common diagnosis.  Almost 
a quarter of infants also presented with at least one risk factor for SNHL, with administration of 
ototoxic medication reported as the most common risk factor.  These findings suggest that the 
implementation of routine ear and hearing health services at Child Welfare Clinics should contribute to 
reducing ear disease and hearing loss among infants in the Solomon Islands.   
OME was present in almost a fifth of all participants.  Older infants (7-12 months) were more likely to 
present with OME than younger infants (0-6 months), most probably due to recurrent respiratory tract 
infections developing into chronic middle ear effusion.  They were also more likely to present with a 
history of at least one episode of OM.  There were few cases of AOM or CSOM in the present study, 
and this is probably because mothers are generally advised to wait until resolution of any illness before 
attending the Child Welfare Clinic for infant immunisation: the study by Sanders and colleagues (2015) 
reported that the incidence of CSOM in children under 5 years of age was 6% in Pacific Islands 
nations, compared to 0.5% in neighbouring high-income Australasia countries.  In an early study 
conducted in Micronesia, OM was found in 46-47% of apparently-well infants attending clinics for 
their immunisations (Dever et al., 1985).  While the authors did not specify the type of OM diagnosed, 
it may have been OME if the infants were otherwise apparently well.  Although not as medically urgent 
as CSOM, asymptomatic OME may persist in children for several weeks (63%) or months (26% after 3 
months) following an episode of AOM, and is clearly an important and common condition that requires 
clinical management and surveillance (Wiertsema & Leach, 2009).    
The high rate of OME in the present study may be attributed to the well-known risk factors associated 
with the greater prevalence of OM in LMICs such as poverty, malnutrition, and lack of access to public 
health initiatives and medical care (Berman, 1995; Master et al., 2018; Sartori et al., 2017).  Acute 
respiratory infections are a significant cause of mortality and morbidity in the Solomon Islands, and 
may also contribute to the high prevalence of OME (WHO, 2019).  An improvement in public health 
and greater accessibility to primary health care services should, therefore, reduce the disease burden of 
paediatric hearing loss associated with OM, as well as make a positive impact on child health and 
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survival rates.  Household smoke exposure was a significant predictor of OME in a recent medical 
mission to Fiji (T.-Y. Fang et al., 2016), and this may also be the case in the Solomon Islands where 
woodfire smoke from traditional cooking and burning of household waste is common. There is some 
evidence to suggest that Islander populations may have a greater genetic predisposition to OM, given 
that OME was present in 25.4% of 2-year-old Pacific Island children living in New Zealand (n=1001) 
who had good access to healthcare services (Paterson et al., 2006, 2007). 
The three most common risk factors for SNHL in the present study were ototoxicity, non-elective 
caesarean delivery, and possible in-utero syphilis infection.  These risk factors are already being 
addressed in the Solomon Islands through WHO/UNICEF initiatives in order to achieve Sustainable 
Development Goal “Good Health and Well-Being”.  The role of hearing health advocates should be to 
promote community participation in these WHO/UNICEF programmes, which will improve maternal 
and childhood health generally, and reduce permanent childhood hearing loss and other disabilities 
specifically.  Their role would also be to raise awareness of these major risk factors to enable timely 
referral of children with suspected hearing loss to either the ENT Clinic, Community-Based 
Rehabilitation workers, or the Red Cross School for Children with Disabilities. 
In our study sample, ototoxicity was usually due to the administration of gentamycin in the treatment of 
neonatal sepsis.  Quinine/chloroquine therapy for malaria as a major cause of hearing loss in the Pacific 
Islands should be in decline since the recent introduction of artemisinin-based combination therapy, a 
successful non-ototoxic malaria treatment (Carrara et al., 2008; McCall et al., 2006).  The literature 
from other LMICs shows that aminoglycoside-induced ototoxicity is a common risk factor for SNHL 
among children (Freeland et al., 2010; Khairi et al., 2005; Z. Li et al., 2005).  Unrestricted access to 
aminoglycosides was also determined to be a major cause of ototoxicity among children in Nicaragua 
(Saunders et al., 2009).    
The second most common risk factor for SNHL in the present study was the emerging JCIH risk factor 
of non-elective caesarean delivery (Olusanya & Okolo, 2006a; Olusanya & Solanke, 2009b).  Our 
study sample is based in the capital city Honiara, where there is good access to hospital delivery and 
emergency maternal healthcare if required.  With 21% of the Solomon Island population residing in 
urban settings, our result is unlikely to reflect the situation in the majority rural/remote parts of the 
country.  It should be noted that although fewer non-elective caesarean deliveries are performed in 
rural/remote areas, this is a reflection of service availability rather than need.  Similarly, unskilled 
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attendant at birth was not a common risk factor for SNHL in the Honiara population, but the rate of 
unskilled attendants at birth could be expected to be higher in other parts of the Solomon Islands.   
The third most common risk factor for SNHL in the present study was in-utero infections.  Ideally, this 
question ascertains whether the mother was tested positive for rubella, cytomegalovirus, syphilis, 
toxoplasmosis, or herpes during her pregnancy.  Interpretation of our result is difficult, and highlights 
some of the challenges in low-resourced country settings.  The true response to the question for all 
mothers should be “unsure”, as routine antenatal screening for all these infections is unavailable.  We 
elected to record if the mother received a positive result on her antenatal blood test which alerted us to 
the possibility of syphilis in-utero infection.  Sexually Transmitted Infections are another major focus 
of public health care in the Pacific Islands, and the fact that 5.55% of mothers admitted to a positive 
result rendered the documentation and inclusion of this question in our study worthwhile. 
3.7 Limitations of the present study 
 
Tympanometry assessments were planned for the present study, however, equipment malfunctioned 
due to the heat and humidity of the Solomon Islands.  Although OAE-screening equipment was 
available for the study, the high ambient noise levels, limited space availability, and volume of infants 
attending Child Welfare Clinics, led to the research team limiting data collection to ear examinations 
and responses to the JCIH Questionnaire.  A short questionnaire on infant hearing ability, such as that 
used by Newton and colleagues (1999) in China, would have been beneficial in our resource-limited 
context.  The present study was conducted in the capital city Honiara, and the rate and pattern of ear 
disease and risk factors for SNHL is likely to be higher in rural/remote regions of the country.  
Documentation of the birth province of each infant in the present study may have been beneficial.   It 
would also have been helpful to formally calculate the rate of participation of parents on the days of 
data collection, as participation was high, suggesting positive parental support and uptake of the 
outreach ENT service. 
3.8 Summary 
 
The rate of otitis media and risk factors for sensorineural hearing loss indicate the importance of 
initiating Infant Ear and Hearing Programmes in the Solomon Islands.  These programmes should 
facilitate early education on prevention of ear disease, as well as early diagnosis and intervention.  
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Ototoxicity, non-elective caesarean delivery, and possible in-utero syphilis infection were the main risk 
factors for SNHL in this population. 
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CHAPTER 4: PREVALENCE OF EAR DISEASE AND ASSOCIATED HEARING LOSS 
AMONG PRIMARY SCHOOL STUDENTS IN THE SOLOMON ISLANDS: OTITIS MEDIA 
STILL A MAJOR PUBLIC HEALTH ISSUE  
 
4.1 Background 
 
The WHO recommends school-based hearing screening as a public health measure to address the 
global burden of hearing loss.  In Low- and Middle-Income Countries (LMICs), otitis media is a major 
cause of preventable and treatable childhood hearing loss.  There is very little in the literature on ear 
and hearing disorders in the Pacific Islands, despite estimates that this region has among the highest 
global burden of hearing loss associated with otitis media.  A school-based ear and hearing programme 
that initially focuses on ear examinations is a possible option for Pacific Island nations where 
audiology services are virtually non-existent. 
Chapter Four describes a study aimed at assessing the prevalence of otitis media and hearing loss 
among primary school students in the Solomon Islands, in order to recommend a School Ear and 
Hearing Programme that would be suitable to the Pacific Island context.  This study differs from 
previous literature on school hearing screening programmes in LMICs by (1) considering the low-
resourced context of the Pacific Island context, and (2) placing an emphasis on the diagnosis and 
management of ear disease as the initial measure to reducing the prevalence of avoidable childhood 
hearing loss.  Comparisons are made between the prevalence of ear disease and associated hearing loss 
among younger (4-9 years) and older (10-15 years) primary school students. 
Chapter Four of this thesis has been published in the International Journal of Pediatric 
Otorhinolaryngology.  The published article is inserted into this thesis with minor modifications.  In 
particular, formatting of section headings, sub-headings, and referencing style has been modified from 
the original publication to match the thesis format.  The term “prevalence” has also been substituted 
with “rate” in the current chapter.  References have been updated to ensure the information is current. 
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4.2 Abstract 
 
Objective: The present study aimed to assess the rate of otitis media and associated hearing loss among 
primary school students in the Solomon Islands. 
Methods: A total of 604 primary school students (280 males, 324 females) aged 4-15 years were 
assessed in two primary schools (government, non-government) in the capital city Honiara.  School-
based ear examinations were performed, including otoscopy and tuning-fork tests.  Students were 
referred to the ENT Clinic for medical intervention and/or pure-tone audiometry assessment as 
required.  
Results: A total of 342 students (56.6%) did not pass their ear examination, with a significantly higher 
fail rate among younger students (p<0.001).  The most common pathology was Otitis Media with 
Effusion (OME) (34.2%), followed by impacted wax (22.8%), and Chronic Suppurative Otitis Media 
(3.1%).  The follow-up attendance rate at the ENT Clinic was 81.1%.  Among students with OME in at 
least one ear, 50% failed audiometry screening in the affected ear.  While age was a significant factor 
for OME, it was not a significant factor for OME-associated hearing loss. 
Conclusions: Ear diseases with associated hearing loss are a significant public health problem among 
primary school students in the Solomon Islands.  The implementation of School Ear and Hearing 
Programmes could be beneficial, and should reduce the national burden of ear diseases. 
Key words: Otitis media; Hearing loss; School Ear and Hearing Screening; Pacific Islands. 
4.3 Introduction 
 
According to the World Health Organisation (WHO), 90% of the global burden of hearing loss is found 
in Low and Middle-Income Countries (LMICs), with approximately half of these hearing disorders 
considered preventable (WHO, 2018a).  The WHO estimates that 34 million children worldwide are 
living with hearing loss, and that 75% of childhood hearing loss in LMICs is known to be avoidable 
(WHO, 2018a).  Infectious diseases and middle ear disorders are recognised as the leading causes of 
preventable hearing loss in children.  Given the well-known adverse effects of hearing loss on child 
development, the WHO is leading global efforts to address the major causes of preventable childhood 
hearing loss, whilst advocating for national programmes that enable early detection and intervention for 
children with hearing impairment (WHO, 2016a).  The most recent WHO World Hearing Days 
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campaigns promoted school-based hearing screening programmes as a major public health initiative to 
achieve these aims (WHO, 2016b, 2017).  These programmes should reduce the global burden of 
paediatric hearing loss, as well as contribute to major international health and education initiatives 
under the United Nations Sustainable Development Goals. 
The early audiology literature from LMICs largely consists of school-based prevalence studies.  In 
these landmark papers, otitis media was well-established as a leading cause of hearing loss among 
children attending primary schools (Bastos et al., 1995; Bastos et al., 1993; Elango et al., 1991; Hatcher 
et al., 1995; Jacob et al., 1997; Minja & Machemba, 1996; Swart et al., 1995).  Recent reports focus on 
the implementation of routine school hearing screening programmes, and investigating methodologies 
that are suitable to resource-limited contexts (Hussein, Swanepoel, Mahomed-Asmail, et al., 2018; 
Mahomed-Asmail, Swanepoel, & Eikelboom, 2016a; Mahomed-Asmail, Swanepoel, et al., 2016b; 
Mahomed-Asmail, Swanepoel, Eikelboom, Myburgh, & Hall III, 2016).  Current research is focused on 
appropriate equipment, human resource considerations, as well as ensuring acceptable school hearing 
screening referral rates (Mahomed-Asmail, Swanepoel, et al., 2016c; Sandström et al., 2016; 
Swanepoel, 2017; Swanepoel et al., 2015; Swanepoel et al., 2014; Yousuf Hussein et al., 2016).  These 
efforts should reduce the well-known burden of childhood hearing loss in LMICs, and optimise 
educational outcomes for these children. 
There is very limited research on childhood hearing loss in the Pacific Islands (Kaspar et al., 2016).  
Yet, the WHO estimates that this region has among the highest global burden of hearing loss 
worldwide (WHO, 2018d).  An early key paper from the Solomon Islands indicated that a significant 
proportion of hearing loss among children was due to otitis media (OM) (Eason et al., 1986).  More 
recently, the Oceania region was reported to have the second highest overall prevalence of hearing loss 
caused by OM worldwide, as well as the highest global mortality rate due to complications of Chronic 
Suppurative Otitis Media (CSOM) (Monasta et al., 2012). 
There is also very limited information on hearing health services and school-based hearing screening in 
the Pacific Islands.  An early key paper from Guam, however, reported the positive impact of such 
programmes on reducing the burden of otitis media (Garrett & Stewart, 1989).  This study found that, 
although the incidence of hearing loss remained high, the school-based hearing screening programme 
facilitated early diagnosis and treatment of acute episodes of acute otitis media, and minimised the 
number of cases progressing to advanced and chronic stages of middle ear disease.  The lack of access 
the health services continues to be a major contributing factor to advanced stages of ear disease in 
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children in the Pacific Islands, as reported in recent studies from Papua New Guinea (Dubey & 
Larawin, 2007; Dubey et al., 2010). 
In view of the current status of childhood hearing loss and hearing healthcare in the Pacific Islands, 
school-based ear examinations have been recommended as a public health measure to reduce the 
prevalence of ear disease and associated hearing disorders (Kaspar et al., 2016; Kaspar et al., 2018).  
The WHO Global School Health Initiative offers an attractive public health platform for routine ear 
health assessments.  The key aim of such assessments would be to facilitate medical, surgical, and 
educational interventions for children identified with ear disease and hearing loss.  Depending on 
equipment and human resource availability, the school-based ear health examinations could evolve to 
include hearing screening, diagnostic audiology, and amplification options for students with hearing 
loss.  Another benefit of the WHO Global School Health Initiative is that it present an opportunity for 
health promotion activities where one public health message (e.g., nutrition) may target numerous 
health conditions, including otitis media and associated hearing loss. 
The PhD Candidate (AK) was invited by the National Referral Hospital ENT Clinic in the Solomon 
Islands to collaborate in the development of their school outreach services.  A previous study indicated 
that there is high parental support for such a programme (Kaspar et al., 2017).  In order to recommend a 
suitable protocol for the ENT Clinic outreach service for school students, the present study was 
conducted to assess the rate of OM and associated hearing loss among primary school students in 
Honiara, the capital city of the Solomon Islands.  The aims of the study were to (1) provide current data 
on the rate and nature of OM in this population, (2) provide current data on the rate and nature of 
hearing loss associated with Otitis Media with Effusion (OME) in this population, and (3) assess 
community engagement with the ENT Clinic school outreach programme. 
4.4 Methods 
 
4.4.1 Participants 
 
One government and one non-government primary school in the capital city Honiara were approached 
for participation in the study.  These schools were conveniently chosen because of a pre-existing 
relationship with the ENT Clinic.  According to the most recently available statistics from the Solomon 
Islands Ministry of Education and Human Resources, there are 515 primary schools in the country, 
where 79% are government schools, 20% are non-government schools, and 1% are international 
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schools (MEHRD, 2008).  The distribution is different in the capital city Honiara where there are 12 
primary schools: 3 are government-run, 4 are non-government, and 5 are under private education 
authorities (e.g., International School).  The total enrollment of primary schools students in Honiara is 
9814 students (4768 female, 5046 male) (MEHRD, 2008). 
All students attending the selected schools on the days of data collection were eligible for the study.  
Students who were absent on the day their class was assessed were followed-up on the next day of data 
collection.  Students were issued an Information Sheet about the study, as well as Consent Forms for 
their parents/guardians.  Students who returned a signed parent/guardian consent form for participation 
were included in the study (N.B. Parents/guardians could choose to receive the ENT/Audio Clinic 
service for their child but have the result excluded from the research study). 
A total of 621 students were seen for an ear examination at their school.  There were 17 students who 
were excluded from the study (14 parents/guardians who did not wish their child’s result included in 
the research project; 3 students were older than 15 years).  A total of 604 students were, therefore, 
included in the data analysis (Table 4.1.).  The age range of students was 4-15 years, with a mean age 
of 10.0 years (SD=2.4).  Among students seen at the government school (n=401), the age rage was 6-15 
years, with a mean age of 10.6 years (SD=2.1).  Among students seen at the non-government school 
(n=203), the age range was 4-15 years, with a mean age of 8.9 years (SD=2.6).   
Table 4.1. Study Participant Age, Gender, and School Information 
 Government Primary 
School 
Non-Government 
Primary School 
Total 
Male    
4-9 years 62 48 110 
10-15 years 138 32 170 
Total 200 80 280 
Female    
4-9 years 76 67 143 
10-15 years 125 56 181 
Total 201 123 324 
Grand Total 401 203 604 
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4.4.2 School-based Ear Examination Procedure 
 
All ear examinations were performed by the senior ENT Registered Nurse-Audiometrist (ON).  The 
school-based Ear Examination procedure followed the WHO Ear and Hearing Disorders protocol for 
Basic Ear Assessments.  An ear examination was performed using Vorotek-O-Scope equipment for 
each ear of participating students, and the results were recorded on the “Basic Ear Assessment” Section 
of the WHO/PBD Ear and Hearing Disorders Examination Form. Results were required for ear pain 
(no/yes/not asked), auricle (normal/malformation/not seen), external ear canal 
(normal/inflammation/wax/foreign body/otorrhoea/fungi), ear drum (perforation/dullness or 
retraction/red and bulging/normal/unsure/not examined), and middle ear (normal/otorrhoea/not 
examined).  If possible, impacted wax and foreign bodies in the external ear canals were removed by 
the ENT Registered Nurse during the school-based assessment.  Routine ENT Clinic practice in the 
Solomon Islands is to perform tuning fork tests.  Despite the known limitation of tuning fork tests, and 
in the absence of tympanometry and audiometry screening, it was decided to perform the Rinne tuning 
fork test for each student: Rinne positive was a “pass” result, and Rinne negative was a “fail” result 
(Dickens, 2011).  Students who did not pass the ear examination were referred to the ENT Clinic for 
further assessment and management as required. 
4.4.3 Review of Referred Students at the ENT/Audio Clinic 
 
Follow-up assessment was performed the day after the school visit at the National Referral Hospital 
ENT/Audio Clinic.  Previous experience showed this enabled the best attendance rate of referred 
students.  If a student did not attend the follow-up apppointment, a letter was provided offering another 
appointment.  
The ENT Clinic Registered Nurses (mostly second author ON) reviewed all students who required 
medical intervention for ear pathology, such as removal of impacted cerumen, removal of foreign body, 
and medical treatment of CSOM.  Any other ear diseases requiring medical management were also 
cared for by the ENT Clinic staff members (i.e., aural polyp).  All treatment and management 
procedures were conducted as per routine ENT Clinic protocols. 
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The audiologist and PhD Candidate (AK) performed an audiometry assessment for all students who 
were referred from the school-based ear examination with a diagnosis of OME, CSOM, dry tympanic 
membrane perforation, or who presented with a fail result on the Rinne tuning fork test.  Students were 
referred for audiometry from the ENT Clinic if cerumen and/or foreign body removal identified further 
pathology (i.e., OME diagnosed following impacted cerumen removal). 
Audiometry assessment was conducted in a non-sound-treated room next to the ENT Clinic, where 
average ambient noise levels were 55-60 dB A.  An Audio Clinic audiometer (Madsen Xeta) with 
audio-cup headphones, a gift from visiting Australian ENT Surgery Programme (Baxter, 2012), was 
used for testing.  Given the ambient noise levels and the volume of students to be assessed, age-
appropriate pure-tone screening audiometry was performed across the major speech frequencies for 
each ear (500, 1000, 2000, and 4000Hz).  A pass result was an air-conduction threshold of 25 dB HL at 
1000-4000Hz and 30 dB HL at 500 Hz.  If the student did not pass the screening, air and bone 
conduction pure-tone audiometry was performed immediately to determine the degree and nature of 
hearing loss for each ear (i.e., conductive, sensorineural, mixed).  As per the routine clinical protocols, 
students with ear diseases and associated hearing loss were scheduled for follow-up audiometry after 3 
months.  All students with OME were given advice regarding nose-blowing. 
4.4.4 Data analysis 
 
The study results were entered into an Excel spreadsheet by the PhD candidate (AK).  The school-
based ear examination results were assigned a numerical code based on the WHO Ear and Hearing 
Disorders protocol for Basic Ear Assessments.  These results were then transferred into the STATA and 
SPSS statistical software packages, and data analysis was performed in collaboration with the 
Audiology Division of the University of Queensland, which included consultation with a statistician. 
A multiple linear regression was performed to investigate for any significance between a student 
presenting with ear pathology in  at least one ear, and the independent variables of gender, age, and 
school.  The proportion of students who attended the follow-up appointment was also calculated to 
assess the follow-up rate.  A Pearson chi-squared test was performed to determine any significant 
differences in percentages of students with ear pathologies and associated hearing loss between the two 
age groups. 
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4.5 Results 
 
4.5.1 Outcome of school-based ear examinations 
 
There were 342 students (56.6%) who presented with ear pathology in at least one ear during the 
school-based ear examinations.  A logistic regression model was fitted to the data with ear pathology in 
at least one ear as the dependent variable, and school, age, and gender as independent variables.  The 
results showed that the model as a whole was statistically significant (p<0.0001).  Furthermore, the 
odds of having ear pathology in at least one ear were increased by a factor of 1.79 for students in the 
younger than the older age group (p<0.0001), having controlled for other variables in the model.  The 
effects of school (p=0.092) and gender (p=0.069) were not statistically significant. 
The most common pathology in the study population was OME.  There were 207 students diagnosed 
with OME in at least one ear, representing 34.3% of the total study population, or 60.5% of students 
with ear pathology in at least one ear.  OME was bilateral in 162 students (78.3%), and unilateral in the 
remaining 45 students (21.7%).  Bilateral OME was significantly more common in the 4-9 age group 
than the 10-15 age group (Table 4.2). 
The second most common pathology was impacted cerumen in the ear canal.  There were 138 students 
with impacted wax in at least one ear, representing 22.84% of the total study population, or 40.35% of 
students with ear pathology in at least one ear.  Cerumen removal was performed during the school 
visits for 110 students (79.8%), and 28 students were referred to the ENT Clinic for cerumen removal.  
The impacted cerumen was bilateral in 106 students (76.8%), and unilateral in the remaining 32 
students (23.2%).  Again, bilateral impacted cerumen was more common the younger than the older 
students (Table 4.2). 
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Figure 4.1. Summary of School Study Results 
 
 
 
 
   
 
 
 
 
  
  
 
 
Table 4.2. Summary of ear pathology results according to age variable (*significant at p<0.05) 
 AGE 
 4-9 yrs 10-15 yrs Pearson 2 Test 
Ear pathology in at least one ear 
(n=342) 
172/253 
(68%) 
170/351 
(48.5%) 
2=22.8813 
p<0.001* 
Bilateral OME (n=162)  87/253 
(34.4%) 
75/351 
(21.4%) 
2=12.6981 
p<0.001* 
Bilateral impacted cerumen (n=106) 62/253 
(24.5%) 
44/351 
(12.5%) 
2=14.5593 
p<0.001* 
OME and impacted cerumen in the 
same ear, in at least one ear (n=46) 
26/253 
(10.3%) 
20/351 
(5.7%) 
2=4.3808 
p=0.036* 
OME-related hearing loss in at least one 
ear (n=89) 
45/253 
(17.8%) 
44/307 
(14.4%) 
2=3.2266 
p=0.072 
 
School-based Ear Examination 
(n=604, 100%) 
 
 
Referred to ENT/Audio 
Clinic for further review 
(n=297, 49.2%) 
Wax and/or Foreign Body 
Removal at school 
(n=45, 7.4%) 
Passed Ear Examination for 
both ears 
(n=262, 43.4%) 
 
No further review required  
(normal ears and hearing)  
(n=32, 10.77%) 
 
Advice given, no further 
review scheduled 
(OME with normal hearing) 
(n=89, 29.96%) 
Further review required 
(Ear pathology and hearing loss) 
(n=120, 40.4%) 
Did not attend 
review 
(n=56, 18.85%) 
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There were 46 students (7.61%) who presented with both impacted cerumen and OME in the same ear, 
in at least one ear, during the school visits.  This was significantly more common among the younger 
students (p=0.036).  Most cases were unilateral, with 31 students (67.39%) presenting with impacted 
cerumen and OME in the same ear.         
The third most common pathology in the study was CSOM.  There were 19 students (3.1%) with 
CSOM in at least one ear, and 3 students presented with bilateral CSOM.    
4.5.2 Outcome of review appointments for students referred to the ENT Clinic 
 
The total number of students referred to the ENT/Audio Clinic for a follow-up appointment was 297 
(49.2%). [N.B. if school-based impacted cerumen and/or foreign body removal had not been 
performed, the total number of students referred to the ENT/Audio Clinic would have been 342 
(56.6%)].  A total of  241 students (81.14%) attended their follow-up appointment at the ENT/Audio 
Clinic.  Among these students, 120 students (49.8%) required a second follow-up appointment with the 
ENT/Audio Clinic: this included students requiring medical management of CSOM and fungal otitis 
externa, as well as students presenting with a hearing loss associated with ear diseases. 
 There were 207 students diagnosed with OME in at least one ear during the school-based ear 
examinations.  Of these, 178 students (86%) attended the Audio Clinic for an audiometry assessment.  
Pure-tone audiometry results showed hearing loss in at least one ear for 89 students diagnosed with 
OME (50%).  However, age was not a significant factor for hearing loss among students with OME 
(Table 4.2). 
There were 28 students referred to the ENT Clinic for cerumen removal.  The procedure could not be 
performed for 2 students who were advised to soften impacted earwax with coconut oil and return after 
3 days.  Following cerumen removal for the remaining 26 students, 13 were discharged with normal ear 
examination bilaterally, 11 were diagnosed with OME and normal hearing bilaterally, and 2 were 
diagnosed with OME and associated hearing loss. 
There were 15 students with CSOM who attended for audiometry, and 14 students presented with 
hearing loss in the affected ear. 
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4.6 Discussion 
 
The aims of the present study was to assess the rate of otitis media and associated hearing loss among 
primary school students in the Solomon Islands. The findings revealed that ear diseases and associated 
hearing loss in primary school students remain a major public health issue in the country.  Over half of 
the students in the study sample presented with ear pathologies that required ENT Clinic intervention, 
similar to the results of an early paper from Micronesia (Dever et al., 1985).  Almost all the students 
with CSOM, and half of the students with OME, did not pass their pure-tone audiometry screening 
assessment.  Attendance at follow-up review appointments was high, suggesting good support from 
parents and students for the school-based ear and hearing health service. 
The most common pathology among this sample of students was OME, which was diagnosed in 
approximately a third of the participants, half of whom also showed hearing loss in the affected ear.  
This finding is similar to an early case series from Papua New Guinea where 62% of the children with 
OME presented with associated hearing loss (Aithal, Aithal, et al., 1995), as well as a recent study from 
Fiji where 69.6% of caregivers reported hearing difficulties for children with OME (T.-Y. Fang et al., 
2016).  Among the LMICs literature, OME was also reported to be the most common ear pathology 
among students in a school-based study from Nigeria (Olusanya et al., 2000). The literature from other 
community-based studies of school-age children in LMICs reported OME prevalence rates varying 
between 1.32% and 19.4% (Lyn et al., 1998; Son et al., 1998).   
Although OME is not considered as medically urgent as CSOM, it has been noted that children with 
OME have a higher incidence of abnormalities such as cholesteatoma, adhesive otitis, retraction 
pockets, and atrophy of the tympanic membrane (Berman, 1995).  Asymptomatic OME may persist in 
children for several weeks (63%) or months (26% after 3 months) following an episode of acute OM, 
and the hearing loss associated with persistent OME is likely to adversely impact on the speech and 
language development, and academic achievement of the affected child (Cai & McPherson, 2017).  
Routine school-based ear examinations in the Solomon Islands should facilitate the early identification 
and intervention for children with OME to minimise the impact of these well-known adverse 
consequences.  This is especially important for optimising learning outcomes in a country where 
schooling is not generally provided in the child’s first language. 
The second most common ear pathology in our study sample was impacted cerumen, which was 
present in approximately a fifth of students.  This rate is similar to that of an early study of school-age 
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village children in Guam (19.7%) (Eldridge et al., 1970).  More recently, impacted wax was reported in 
38.9% of ears (129/332 ears) of urban primary schoolchildren in Western Samoa (McPherson et al., 
1994), and 77 ears among 170 children with ear disease in Fiji (T.-Y. Fang et al., 2016). Neither paper 
described the relationship between impacted cerumen and hearing loss, and neither did the current 
study as cerumen was removed prior to audiometry assessment.  Previous school-based studies from 
LMICs have generally reported impacted cerumen to cause a mild hearing impairment in students 
(Hatcher et al., 1995; Jacob et al., 1997).  Removal of impacted cerumen in the present study also 
enabled the diagnosis of other concomitant ear pathologies, especially in the younger age group.   
The rate of CSOM in the present study was 3.1%.  The WHO considers a CSOM rate of 2-4% as an 
avoidable burden of disease that must be addressed (WHO, 2004).  Our results further support the need 
for school-based ear health programmes in the Solomon Islands to ensure timely intervention by the 
ENT Clinic for children with CSOM.  The results of the early landmark paper from the Solomon 
Islands suggests that the prevalence rate of CSOM outside the capital city Honiara is greater than 4% 
(Eason et al., 1986), which would classify CSOM as a significant public health problem for the country 
requiring urgent attention. For children with restricted access to health care, CSOM is significantly 
more likely to progress to potentially fatal complications, as described in two recent reports from Papua 
New Guinea (Dubey & Larawin, 2007; Dubey et al., 2010).    
Almost all the students with CSOM who attended for audiometry assessment were diagnosed with 
hearing loss in the affected ear (14 out of 15 students).  This is higher than the results from other 
LMICs, and may have been influenced by our study sample size, and the greater motivation of students 
with hearing loss to attend for a review assessment.  In contrast, an Indian study found that among 14 
schoolchildren with CSOM, only 4 students also failed their audiometry screening (Phaneendra Rao et 
al., 2002).  A Malaysian study found that 24 out of 57 students with CSOM failed their screening 
audiometry assessment (Elango et al., 1991).  A cross-sectional study of 1500 Nigerian schoolchildren 
found that 35 students (2.3%) presented with CSOM, and reported a mild conductive hearing loss in 20 
ears (38.5%), and a moderate conductive hearing loss in 14 ears (26.9%) (Olatoke et al., 2008).   A 
larger population-based study should provide greater evidence for the relationship between CSOM and 
hearing loss in the Solomon Islands. 
The high follow-up attendance rate among students referred from the school-based ear examination 
suggests excellent support for the programme among students and their caregivers.  Community 
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engagement with the school programme is essential to reducing the prevalence of treatable ear diseases 
and associated hearing loss in this population.     
4.7 Limitations of the present study 
 
As previously described, the present study was conducted in the capital city of Honiara and it is 
difficult to generalise findings to the whole country.  The LMIC literature suggests that the prevalence 
of ear disease could be expected to be higher in rural/remote areas (Bafaqeeh et al., 1994; Chadha et al., 
2006; Lasisi, Sulaiman, et al., 2007).  Another limitation to generalising the results is that the UNICEF 
currently reports primary school net attendance for the Solomon Islands to be 62.5% for boys and 
68.7% for girls.   
Although a minimum of two staff members was planned for data collection to minimise intra-tester 
bias, only one ENT registered nurse (ON) was available to perform the ear examinations for the present 
study.  He is one of the senior ENT Clinic staff members, and as the only one with audiometry 
qualifications, was the best candidate to take part in the research project. 
Time and resource restrictions prevented collection of school achievement data for our sample of 
students.  Such data may be beneficial for future studies to investigate the relationship between ear 
disease and school attainment, as this may be a significant obstacle to achieving universal primary 
school education in the country.  Previous investigations from LMICs have documented poorer 
academic outcomes for students with ear disease and hearing loss (Egeli et al., 2004; Khairi et al., 
2010). 
4.8 Summary 
 
Ear diseases and associated hearing loss are a significant public health problem among primary school 
students in the Solomon Islands.  There is evidence of high follow-up return rate for referred students, 
indicative of positive support and community engagement with school-based ear and hearing health 
services.  The implementation of routine ear assessment services could be beneficial to reduce the 
burden of ear diseases in the Solomon Islands.    
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CHAPTER 5: GENERAL DISCUSSION AND CONCLUSIONS 
 
5.1 Introduction 
 
According to the World Health Organisation, approximately 90% of the global burden of disabling 
hearing loss is found in Low and Middle-Income Countries (LMICs), with approximately half of these 
hearing disorders considered preventable.  Among children in LMICs, 75% of childhood hearing loss is 
avoidable.  Otitis media and infectious diseases that may be prevented through immunisations are the 
leading causes of avoidable hearing loss in children.  The WHO recommends hearing screening 
programmes for infants and primary school students to reduce the burden of hearing loss in LMICs.   
There is currently little in the audiology literature on childhood hearing loss or hearing services in the 
Pacific Islands.    
This chapter revisits the rationale and aims of the study (as described in Chapter One), and discusses 
the main findings presented in the previous chapters (Chapters Two to Four).  Clinical applications, 
limitations of the study, and implications for further research in the area of paediatric ear disease and 
associated hearing loss in the Pacific Islands are also presented in this chapter. 
5.2 Rationale for the study (revisited) 
 
The Solomon Islands are an LMIC and Small Islands Developing State (SIDS) of the Pacific Island 
region.  The PhD candidate and paediatric audiologist (AK) was invited by the National Referral 
Hospital ENT Clinic in the Solomon Islands to collaborate in the development of their community 
outreach services for children.  There is only one ENT Clinic in the country, and it is currently staffed 
by four senior and two junior ENT registered nurses. For ENT Specialist consultation or surgical 
intervention, the Solomon Islands is dependent on an annual 10-day visit from the Royal Australasian 
College of Surgeons (RACS) Pacific Island Program (PIP) ENT Visit (Baxter, 2012).  Audiology 
services currently consist of pure-tone audiometry assessment in conjunction with ENT Clinic 
consultation, and are performed by one of the senior ENT nurses with a formal audiometrist 
qualification.  The ENT Clinic is motivated to implement community outreach programmes and health 
promotion activities, in order to reduce the number of patients presenting to the ENT Clinic with 
advanced stages of ear disease and complications due to poorly managed OM.  
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The successful implementation of Ear and Hearing Programmes for children will depend on 
community support and participation.  There is currently no literature on community knowledge or 
attitudes to childhood hearing loss or hearing services in the Pacific Islands.  In order to ensure the 
successful implementation of Ear and Hearing Programmes for children in the Solomon Islands, a 
study should be performed to ascertain parental knowledge of the major causes of childhood hearing 
loss, as well as their readiness for community-based ear and hearing services.  The evidence from other 
LMICs suggests that parental support and acceptance of programmes is very positive.  These studies 
also highlight areas where knowledge is lacking and, therefore, provide guidance for ear and hearing 
health promotion activities. No paper was found that included fathers in the study sample, or that 
investigated support for school-based hearing screening programmes.   
The WHO recommends Newborn and Infant Hearing Screening programmes for all member states.  
There is currently no literature on NIHS in the Pacific Islands, as audiology services are virtually 
limited or non-existent.  The implementation of NIHS as recommended by the WHO is difficult for the 
Solomon Islands at this time.  An NIHS programme that addresses the urgent public health threat of 
otitis media is the most appropriate.  Community-based WHO infant health initiatives offer a possible 
platform for routine ear health checks, which should reduce the significant burden of ear disease and 
associated hearing loss in the Solomon Islands. 
The WHO recommends School-based Hearing Screening programmes for all member states.  There is 
limited literature on hearing loss among school-aged children in the Pacific Islands, however, early 
papers suggest that otitis media and impacted cerumen are the leading causes of hearing disorders in 
primary school students.  The implementation of school-based hearing screening as recommended by 
the WHO is difficult for the Solomon Islands, as audiology services are extremely limited.  A School 
Ear and Hearing Programme that addresses the public health threat of otitis media is the most 
appropriate.  The WHO Global School Health Initiative offers a possible platform for routine ear health 
assessments, and should reduce the significant burden of ear disease and associated hearing loss among 
schoolchildren in the Solomon Islands. 
The present study was conducted to investigate the possible implementation of an Infant and/or School 
Ear and Hearing Program in the Solomon Islands.  The initial stage would be a programme performed 
as an outreach service by the NRH ENT Clinic, with a view to expand services as resources permit.  
The present study was designed to ascertain whether Ear and Hearing Programmes would be acceptable 
to caregivers in the Solomon Islands, and whether ear disease and hearing loss among infants and 
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primary school students in Honiara is sufficiently significant to warrant the implementation of these 
programmes. 
5.3 Aims of the thesis (restated) 
 
Given the above rationale for the study, the aims of the thesis were: 
• Assess parental knowledge and attitudes to childhood hearing loss and hearing services in 
Honiara (Solomon Islands) 
• Assess rate of ear diseases and risk-factors for sensorineural hearing loss among infants 
attending Child Welfare Clinics in Honiara (Solomon Islands) 
• Assess rate of ear diseases and hearing loss among primary school students in Honiara 
(Solomon Islands)  
5.4 Hypotheses of the study (restated) 
 
The present investigation of the development of ear and hearing services for children in the Solomon 
Islands tested the following hypotheses: 
• H1: Parental attitudes towards childhood hearing loss and hearing services would be positive.  
This would support efforts to implement ear and hearing programmes for children in Honiara.     
• H2: The rate of ear diseases and hearing loss among infants attending Child Welfare Clinics in 
Honiara would be >4%.  This would represent a significant public health problem.   
•  H3: The rate of ear diseases and hearing loss among students attending primary school in 
Honiara would be >4%.  This would represent a significant public health problem.  
5.5 Discussion of the main findings  
 
5.5.1 Parental knowledge and attitudes to childhood hearing loss and hearing services in the 
Solomon Islands  
 
Overall, parental knowledge of otitis media, noise exposure, and family history as causes of childhood 
hearing loss was very high.  Knowledge of otitis media as a cause of hearing loss was significantly 
higher in the present study (94%) than in the previous studies from LMICs (54-79%).  Knowledge of 
the preventive measures for otitis media were also higher in the present study than in previous 
84 
 
investigations: among Solomon Islander parents, there was a higher awareness of routine childhood 
immunisations (84%) and breast-feeding (76%) as preventive public health measures against otitis 
media than among caregivers in India (12.7-29.1%).  There was also good knowledge of ototoxicity 
from drugs/medication (43.3%), probably due to the hearing loss formerly associated with quinine-
based malaria treatments.  In contrast, knowledge of measles, maternal rubella, and  peri- and post-
natal risk-factors for sensorineural hearing loss as potential causes were not widespread.  These 
findings should guide health promotion activities regarding ear health, and highlight existing health 
messages for maternal and child health care. 
Belief in non-medical causes of childhood hearing loss continues to be significant.  Approximately half 
(56%) of participants agreed that curses may cause hearing loss among children.  Health care providers 
should be aware of the persistence of non-biomedical beliefs, as this should improve collaboration 
between professionals and parents regarding management and decision-making for the child with a 
permanent hearing impairment.  This is especially important for cases of idiopathic congenital hearing 
loss.  
The present study compared the knowledge of fathers and mothers in the sample population.  The 
knowledge of fathers was significantly better than that of mothers for the questions on noise exposure, 
maternal rubella, measles, congenital hearing loss, otitis media, and breast-feeding.  The Solomon 
Islander interviewer felt that this result could be attributed to the higher education levels of male 
participants, as well as active health promotion campaigns, regular community health events, and a 
popular Health Talk radio programme. 
The attitude of participants towards ear and hearing services for children was overwhelmingly positive.  
There was also evidence of support for rehabilitative devices, such as hearing aids.  Overall, 
participants also expressed a preference for amplification devices rather than surgical intervention.  
This may be important for triage and management of patients during the annual ENT Surgery Visit 
from Australia. 
5.5.2 Prevalence of otitis media and risk factors for sensorineural hearing loss among infants 
attending Child Welfare Clinics in the Solomon Islands  
 
The aim of the present study was to assess the rate of otitis media and risk-factors for sensorineural 
hearing loss among a sample of infants in Honiara, the capital city of the Solomon Islands.  The results 
showed that approximately half of infants passed their ear examination for both ears and presented with 
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no risk-factors for sensorineural hearing loss.  Almost a quarter of infants were diagnosed with ear 
pathology in at least one ear, with OME the most common diagnosis.  Almost a quarter of infants 
presented with at least one risk-factor for sensorineural hearing loss, with administration of ototoxic 
medication as the most common factor reported. 
Older infants (7-12 months) were more likely to present with OME than younger infants (0-6 months).  
They were also more likely to present with a history of at least one episode of OM.  The high rate of 
OME in the present study may be attributed to the well-known risk-factors associated with greater OM 
in LMICs, including acute respiratory infections, malnutrition, and lack of access to medical care.  
Woodfire smoke exposure from traditional cooking methods was a major risk-factor for OME in a 
recent Fiji study, and this may also be the case for infants in the Solomon Islands.   
The most common risk-factors for sensorineural hearing loss in the study were ototoxicity, non-elective 
caesarean delivery, and possible in-utero syphilis infection.  Ototoxicity from quinine-based malaria 
therapy should be in decline since the introduction of an improved and non-ototoxic malaria treatment 
during the Millennium Development Goal era.  Ototoxicity from aminoglycoside medications is 
probably still common due to the widespread use of this antibiotic for life-saving purposes.  Non-
elective caesarean delivery is an emerging JCIH risk-factor for LMICs, and was common in the 
Honiara population.  It is likely to be an even greater risk-factor for women living outside Honiara with 
reduced access to specialised maternal health care.  Our study was able to document women who had 
tested positive to antenatal syphilis screening, and the fact that 5.5% of mothers admitted to a positive 
result rendered the inclusion of this item in our study worthwhile. 
5.5.3 Prevalence of ear disease and associated hearing loss among primary school students in the 
Solomon Islands  
 
The aims of the present study were to assess the rate of otitis media and associated hearing loss among 
primary school students in Honiara, the capital city of the Solomon Islands.  The findings revealed that 
ear diseases and associated hearing loss in primary school students remain a major public health issue 
in the country.  Over half of the students in the study sample presented with ear pathologies that 
required ENT Clinic intervention.  Almost all the students with CSOM, and half of the students with 
OME, did not pass their audiometry screening assessment.  Attendance at the follow-up appointments 
was high, suggesting good support for the school-based ear and hearing programme from parents and 
students. 
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The most common pathology among this sample of students was OME, which was diagnosed in 
approximately a third of students, half of whom also showed hearing loss in the affected ear.   Although 
OME is not considered as medically urgent as CSOM, the hearing loss associated with OME is known 
to have long-term adverse consequences on childhood speech/language development, academic 
achievement, and social well-being.  The second most common pathology in the study was impacted 
cerumen in the ear canal, which was present in approximately a fifth of students.  This is an avoidable 
cause of conductive hearing loss, and removal of impacted cerumen usually restores hearing to normal 
levels in children.  Surprisingly, a number of children in the study presented with both impacted 
cerumen and OME in the same ear.  The third most common pathology was CSOM with a rate of 3.1%.  
The WHO considers a CSOM prevalence of 2-4% as an avoidable burden of disease that must be 
addressed, and our finding further supports the implementation of routine ear and hearing checks 
among school students. 
5.6 Implications for clinical practice  
 
In view of the above findings, the implementation of Ear and Hearing Programmes for children in the 
Solomon Islands is recommended.  Formal study results indicated that there is excellent community 
support for such programmes, and the investigators also received tremendous positive feedback and 
goodwill from parents and colleagues during data collection of the research project.  The measured rate 
of ear diseases and hearing loss among infants and primary school children should be classified as a 
major public health issue requiring attention.  
The Solomon Island ENT Clinic Registered Nurses are uniquely suited to lead the implementation of 
national Infant Ear and Hearing Programmes and School Ear and Hearing Programmes in the Solomon 
Islands (Chan et al., 2019; Kaspar et al., 2018; Middleton et al., 2003; Mulfwafu et al., 2016).  To 
achieve this goal, it is recommended that the ENT Clinic begins by implementing routine outreach 
visits to Child Welfare Clinics and primary schools in Honiara.  Suggested Protocols and Procedures 
Manuals are attached as appendices (Appendix F, Appendix G).  The ENT Clinic should monitor the 
progress of the outreach programmes, and collaborate in the expansion of services as resources allow.  
The CWC nurses often expressed great interest in the research project.  They reported that diagnosis of 
OM in children is a regular feature of their caseload, and they were keen to take advantage of the 
visiting ENT Registered Nurse to improve their knowledge of the diagnosis and management of ear 
disease.  The implementation of routine ear examinations alone at CWCs should make a significant 
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contribution to ear and hearing health among infants in the Solomon Islands.  The improved primary 
health care access offered by CWCs should reduce the morbidity, mortality, and avoidable hearing loss 
caused by otitis media in the country (Kaspar et al., 2016). 
The goodwill expressed by CWC nurses further suggested that CWCs may be open to integrating an 
Infant Ear and Hearing Programme into their routine schedule in future.  Depending on the preferences 
of each clinic, the programme could either be performed by all nurses, or by one staff member 
dedicated to ear/hearing health.  Following a basic training programme by the ENT Clinic nurses, it 
may be feasible for ear examinations, administration of the JCIH Risk-Factor Questionnaire (Modified 
for Developing Countries), and ear and hearing healthcare advice to be performed by CWC nurses.  
Referral to the visiting Community Based Rehabilitation (CBR) workers or the ENT Clinic is also a 
realistic option for infants with suspected permanent hearing loss.  Health education is another key 
component of CWCs, and ear and hearing health promotion activities could also be integrated into 
routine practice. 
Similarly, primary school staff members also expressed great interest in the research project.  They 
reported that they often had concerns regarding the hearing abilities of their students, and the 
subsequent impact of hearing impairment on student learning and academic achievement.  Teachers 
were keen to ask the research team about ear disease, hearing loss, referral options, and classroom 
management of students with hearing difficulties.  The goodwill expressed by primary school staff 
members suggested that the implementation of routine School Ear and Hearing Programmes would be 
well-received.  Ideally, the programme should include a workshop for teachers on classroom strategies 
to optimise hearing capability and learning outcomes for students who may have a hearing loss.  These 
strategies should be well-accepted by classroom teachers, as these strategies often benefit all students, 
as well as the students with hearing loss.   
N.B. In conjunction with World Hearing Day 2018, the ENT Clinic of the Solomon Islands launched 
an ENT School Visit Programme as part of their routine outreach service (WHO, 2018g). 
5.7 Limitations of the present study 
 
The major limitation of the present study was that it was conducted in the capital city Honiara, and that 
results are unlikely to be generalised to rural and remote island regions of the country.  Knowledge of 
parents regarding childhood hearing loss may be lower than found by the present study, and attitudes 
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towards childhood disability may also differ.  Belief in non-biomedical causes of hearing loss may also 
be greater among populations outside the capital city. 
Another major limitation was that data collection was performed almost exclusively by one senior ENT 
Registered Nurse.  Although second author ON was the most qualified candidate for participation in the 
study, the participation of other ENT Clinic Registered Nurses would have been desirable.  Although 
involvement in the project was offered to all ENT Clinic staff, there appeared to be hesitations around 
participating. 
Another limitation was the subject sampling methodology.  Although random sampling would be more 
appropriate for a prevalence study, convenience sampling was our method of choice given time and 
resource restrictions to complete the study.  We attempted to address the sampling methodology 
limitation through 1) visiting almost all the Child Welfare Clinics in Honiara for the first and second 
study, and 2) inclusion of a government and non-government school for the third study. 
Another limitation was the unavailability of sophisticated hearing screening equipment, as well as the 
malfunction of equipment that was provided by the University of Queensland.  This limitation is, 
however, a major challenge for many LMICs where high temperatures and humidity often adversely 
affect electronic equipment.  However, our study highlights that a significant proportion of childhood 
hearing loss may already be addressed through otoscopy, and identification and management of ear 
disease alone. 
5.8 Conclusions  
 
The present thesis investigated the feasibility of implementing Ear and Hearing Programmes for 
children in the Solomon Islands.  This is the first research study of its kind in the Pacific Islands, and 
differs from previous literature from other LMICs by focusing on the public health threat of ear 
disease. 
From the results of the series of studies described in this thesis, the following conclusion can be drawn: 
• There is high parental support and readiness for ear and hearing services in the Solomon 
Islands. 
• The rate of otitis media is significant among infants, and warrants implementation of routine ear 
and hearing programmes at Child Welfare Clinics. 
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• The rate of otitis media and associated hearing loss is high among primary school students, and 
warrants the implementation of school-based ear and hearing programmes.  
5.9 Directions for future research 
 
This is an ideal time for hearing health advocates to address the avoidable causes of hearing loss among 
children in LMICs.  The theme for WHO World Hearing Day (WHD) 2016 was “Childhood hearing 
loss – Act now, here’s how!”, and early identification and intervention for childhood hearing loss 
continued to play a major role in subsequent WHO WHD campaigns (i.e., WHD 2017 “Action for 
hearing loss: make a sound investment”, WHD 2018 “Hear the future”, WHD 2019 “Check your 
hearing!”).  The results of the present study are translational to other Pacific Island nations and, indeed, 
any LMIC setting where otitis media is a significant public health problem or where sophisticated 
audiology services are limited or non-existent.  The Sustainable Development Goal Project is offering 
many platforms for public health services for children through various WHO/UNICEF initiatives.   
It is recommended that studies similar to the present research project be conducted during the planning 
stages of any initiatives that aim to reduce ear disease and hearing loss in a community.  Recommended 
protocols and procedures are provided as supplementary material in the appendices (Appendices E, F, 
G).  The results should inform on current community knowledge of ear disease and hearing loss, as 
well as the rate and pattern of ear/hearing disorders among the population.  The survey findings should 
gauge community support for ear and hearing health services, and guide the development of 
ear/hearing programmes and associated health promotion activities. 
Similar to other literature from LMICs, future studies may also include investigations of knowledge 
and attitudes of parents towards existing ear and hearing services, in order to assess programme 
implementation and opportunities for improvement (Akilan, Vidya, & Roopa, 2014; Khairi et al., 2011; 
Khoza-Shangase, 2019; Lam, Wong, Law, Lee, & McPherson, 2018; Majid, Zakaria, Abdullah, 
Hamzah, & Mukari, 2017; Mazlan, Ting, Mukari, & Abdullah, 2014; Shojaee, Kamali, Sameni, & 
Chabok, 2013; Vincy, Seethapathy, & Boominathan, 2019).  Caregivers may also be interviewed for 
their thoughts on service delivery methods such as tele-audiology (Ramkumar et al., 2016), or greater 
collaboration of community health workers with local mothers’ groups (Clarke, Richmond, Worth, & 
Wagle, 2015).  Research on health professionals’ knowledge of childhood hearing loss, as well as 
public and professionals’ awareness of existing and developing ear/hearing health and services for 
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children would also be beneficial (Hussein, Swanepoel, De Jager, & Mahomed-Asmail, 2018; Joubert, 
Sebothoma, & Kgare, 2017; Muniz et al., 2010; Ravi et al., 2017; Ravi et al., 2018). 
The proposed Infant Ear and Hearing Programme should establish a solid framework in anticipation of 
future developments.  While physiological tests are a long-term goal, the option of behavioural hearing 
screening, such as basic distraction/noisemaker tests, of infants at CWCs is more realistic in the near 
future (Fasunla et al., 2011; Geal-Dor et al., 2010).  A unique example for the Pacific Islands exists in 
American Samoa, where UNHS has been implemented, and a visiting audiologist from the United 
States attends regularly to performed diagnostic ABR assessments (Johnson, 2012).  Future research 
directions should include reports on the implementation, monitoring, and outcomes of 
preliminary/interim Infant Ear and Hearing Programmes in the Pacific Islands  and other similarly low-
resourced contexts. 
The proposed School Ear and Hearing Programme should also establish a solid framework in 
anticipation of future developments.  There is currently exciting research into the development of 
school-based hearing screening technologies that are appropriate for low-resource environments, and 
that should withstand harsher climatic conditions (Sandström et al., 2016; Swanepoel et al., 2014).  In 
the interim, tuning fork tests may be an acceptable alternative to supplement ear examinations until 
suitable hearing screening equipment is available (Dickens, 2011).  The general consensus of the 
literature is that questionnaires are not an effective hearing screening tool for school students (Muñoz, 
Caballero, & White, 2014).  Future research directions may include multidisciplinary school health 
screening programmes (i.e., hearing and vision screening), as well as reports on the implementation, 
monitoring, and outcomes of School Ear and Hearing Programmes in the Pacific Islands and other 
similarly low-resourced contexts. 
5.10 Contribution of thesis to audiology literature 
 
The PhD candidate and paediatric audiologist (AK) notes that her unique contribution to the audiology 
literature in LMICs arises from her additional qualifications in International Health and Public Health.  
Particularly in the Pacific Islands, where audiology services are virtually non-existent, the approach to 
reducing childhood hearing loss must be viewed through the lens of public health and the Sustainable 
Development Goal Project context.     
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The findings of the present thesis support a public hearing approach to screening for childhood hearing 
loss in the Pacific Islands.  While the development of sophisticated audiology services and the 
provision of amplification devices is desirable, the urgent otological concern for Pacific Island children 
is the management of ear diseases.  Given that poorly managed ear infections continue to pose a 
significant risk of fatal complications among children, the allocation of limited resources/funding to the 
prevention and early identification/intervention of ear disease would be most appropriate.  A 
preliminary ‘hearing screening’ programme for children consisting of otoscopy alone would offer an 
opportunity to target ear/hearing health, and lay the foundation for more formal hearing screening 
techniques as these possibly become available in the future.  Reducing the burden of otitis media 
among children should alone reduce a significant proportion of childhood hearing loss in the Pacific 
Islands. 
This recommendation also supports the global health development principles of capacity development.  
These principles state that new health initiatives are most likely to be successful if there is collaboration 
and integration with existing health services, as well as skill development of existing committed staff 
members.  Hearing screening programmes consisting of otoscopy alone may be integrated into current 
WHO/UNICEF child health initiatives in the Pacific Islands, and may also be performed by existing 
health workers.  The experience of the research team in the Solomon Islands found that Child Welfare 
Clinic and School Health nurses were very keen to increase their otoscopy skills and knowledge of ear 
disease, given that otitis media represented a significant proportion of their caseload.  The staff of the 
ENT Clinic in the Solomon Islands are also keen to take a leading role in training community nurses 
and strengthening referral pathways to the ENT Clinic.   
It was also the experience of the PhD candidate that her ENT nursing colleagues were keen to 
participate in the research to perform otoscopic examinations, but showed reluctance to perform 
’simple’ hearing screening (i.e., oto-acoustic emissions).  This reinforced her belief in the capacity 
development principle of leadership by her host partners.  The PhD candidate had witnessed numerous 
experiences of other Australian development workers to know that if she had pushed the hearing 
screening test agenda, she risked losing the support of her ENT colleagues, not only for the follow-up 
reviews of screened infants and primary school students but, indeed, for the entire project. 
The inclusion of sophisticated hearing screening equipment is desirable for the Pacific Islands, 
however, this option should be delayed until suitable equipment is available.  It is the experience of the 
PhD candidate that provision of inadequate equipment will not only lead to programme failure, but is 
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also likely to discourage any future involvement by local staff members in renewed attempts at the 
programme.  The initial plan of our research team was to perform tympanometry and oto-acoustic 
emissions testing for both the infant and school hearing screening projects, however, the equipment 
was adversely affected by the heat and humidity of the Solomon Islands.  The climatic conditions also 
increase the risk of equipment failure due to rusting of batteries and battery compartment connections.  
The development of solar-powered hearing screening devices which can withstand the heat and 
humidity of the climate in the Pacific Islands, would be a wonderful addition to the battery of tests for 
ear examination.   
The PhD candidate strongly believes in the proverb “Give a man a fish, you feed him for a day; teach a 
man to fish, you feed him for a lifetime.”  She sees her international health development role in the 
Pacific Islands primarily as a clinical educator and facilitator.  It is her role to collaborate with her ENT 
colleagues to hopefully bring their dreams and aspirations for the ENT Clinic service into reality. 
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APPENDIX E: Parental knowledge and attitudes to childhood hearing loss and hearing services: 
procedures and protocol manual 
 
The present document was written as a guide to professionals in developing countries wishing to assess 
parental knowledge and attitudes to childhood hearing loss and hearing services.    
Assessment title: Parental knowledge and attitudes to childhood hearing loss and hearing 
services in a developing country.  
Aims and objectives 
The aims of the assessment are to evaluate: 
• Parental knowledge of childhood hearing impairment in [district/country], and 
• Parental support for childhood hearing services in [district/country]. 
The results of the assessment may be used to: 
• Guide the development of hearing services for children in [district/country], 
• Guide the development of health education and health promotion activities for Ear and Hearing 
Health in [district/country],  
• Provide baseline data for comparison with subsequent surveys (i.e., To assess the effectiveness 
of health education and health promotion activities), and 
• Provide the first information of its kind from [district/country], enabling comparison with 
similar studies.  
 
Stage 1: Planning and Preparation 
1. Ethical Approval 
Ethical approval for the assessment must be obtained from the appropriate authorities (i.e., Ministry of 
Health and Medical Services).  Gatekeeper approval may also need to be obtained (i.e., Hospital 
Management Committee). 
2. Time Frame 
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The time frame for the assessment will vary depending on human resource allocation and availability.  
To complete the assessment, the staff member(s) is required to organise approval for the assessment, 
prepare the required documentation, conduct the interviews, perform data handling and analysis, and 
write a report of the assessment results.  
3. Preparation of a Written Protocol 
The present document was written to assist the staff member(s) wishing to perform this assessment to 
ensure all aspects are considered and clarified.  It was developed by an Australian International Health 
Development Audiologist (Annette Kaspar) in collaboration with the Audiology Division of the 
University of Queensland (Brisbane, Australia). 
4. Personnel 
The assessment may be performed by one staff member, however, a minimum of two staff members is 
recommended.  One staff member should be designated as the team leader. 
5. Study Population 
The study population should consist of the primary recipients of the intended ear and hearing service 
for children.  An appropriate setting should be identified, and it should consist of a representative 
sample of parents/caregivers from the community (i.e., parents attending Child Welfare Clinics).   
6. Study Design 
The study may use a convenience sampling design.  This method was used in previous studies of this 
kind, and is a cost-effective method appropriate for this population (Olusanya, Luxon, & Wirz, 2006; 
Swanepoel & Almec, 2008). 
7. Sampling Method and Sample Size 
The study population will be drawn from the chosen setting (i.e., Child Welfare Clinics).  It is helpful 
to justify your choice of setting (i.e., “Mataniko Child Welfare Clinic was chosen as it is the largest 
clinic”, “These two clinics were chosen to enable comparison between parents living in urban and rural 
areas). 
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The chosen setting should be invited to participate in the assessment, and data collection may be 
scheduled once gatekeeper approval has been obtained.  It is helpful to short-list a number of possible 
settings for the assessment, just in case your preferred setting(s) is unable to participate. 
On the day of data collection, an announcement about the assessment should be made, including an 
invitation to attending parents to participate.  This announcement should be made regularly throughout 
the day as new parents attend the clinic.   
A minimum sample size of 100 participants is recommended for the study.  A 1:1 mother/father ratio is 
desirable.  Participating mothers and fathers may be parents of the same child, however, the 
questionnaire should be administered to each parent independently and separately. 
8. Development of assessment questionnaire 
A review of the literature is recommended to develop a questionnaire that is suitable to the assessment 
aims.  The original questionnaire was developed to ascertain maternal knowledge and attitudes towards 
infant sensorineural hearing loss and interventions(Olusanya, Luxon, & Wirz, 2006).  Based on their 
literature review, the authors of the study from the Solomon Islands expanded the original 
questionnaire to include items on cultural beliefs regarding childhood hearing loss, parental knowledge 
of risk-factors for otitis media, and parental attitudes towards services for childhood hearing loss (i.e., 
infant and school-based hearing programmes, amplification, surgical intervention).  Questions should 
be appropriate to the cultural and social setting. 
9. Training of staff member(s) 
The assessment questionnaire will be administered verbally to the participants by the designated staff 
member(s).  Training in the administration of the questionnaire should be considered if the staff 
member(s) does not have prior experience of performing this kind of assessment: this is to ensure 
methodology is robust and satisfies local cultural considerations.  An assessment of competency to 
participate in the data collection may be considered. 
10. Equipment and Consumables 
All requirements, as listed below, may be contained within a simple plastic folder for utilization by the 
staff member(s).  The forms should be available in the appropriate language(s) as determined by the 
staff member(s). 
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• Information Sheet for Participants – Parental Knowledge and Attitudes to Childhood Hearing 
Loss and Hearing Services in [district/country]   
• Participant Consent Form - Parental Knowledge and Attitudes to Childhood Hearing Loss and 
Hearing Services in [district/country]  
• Questionnaire - Parental Knowledge and Attitudes to Childhood Hearing Loss and Hearing 
Services in [district/country]   
• Staff member business cards with contact details 
• Pens 
 
11. Quality Control 
The following measures should be implemented to ensure maximum quality control for the assessment: 
• All staff members will undergo training in the administration of the questionnaire to ensure 
consistency  and reliability, 
• Regular review with the team leader during the assessment period to enable any clarification of 
issues if/as they arise, 
• At least two staff members should be involved in the administration of the questionnaire to 
prevent tester bias, 
• Questionnaire form requires the identification and signature of the staff member administering the 
questionnaire, 
• Team leader reviews all questionnaires, and gives feedback to staff members as required (e.g., 
Incomplete section(s) of questionnaire), and 
• Team leader to give regular feedback to staff member(s) on their performance and provide 
refresher training as necessary. 
The validation of the questionnaire as an effective assessment tool was previously performed in the 
literature(Olusanya, Luxon, & Wirz, 2006; Rajagopalan, Selvarajan, Rajendran, & Ninan, 2014; Ravi 
et al., 2016; Srikanth, Isaac, Rebekah, & Rupa, 2009; Swanepoel & Almec, 2008).  A validation study 
is recommended if the questionnaire is performed in another language and/or country. 
12. Logistics and Administration 
The team leader is responsible for the overall logistics and administration of the assessment. 
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The team leader will be responsible for: 
• Obtaining ethical approval for the assessment from the relevant authorities, 
• Training staff member(s) in the administration of the assessment questionnaire, 
• Developing the information sheets and consent forms, and 
• Developing a protocol for the assessment that is relevant to their context (may be based on the 
present document). 
The team leader may work in collaboration with the staff member(s) to: 
• Obtain support from relevant authorities for the assessment, 
• Ensure the information and consent forms are appropriate for the study population (i.e., 
Language), and 
• Ensure the training of the staff member(s) is complete and appropriate. 
 
13. Budget and Funding 
The available budget will determine the time frame and human resources for the assessment.  The main 
costs to consider are staff salaries, consumables, and any travel and/or accommodation requirements.  
Funding for the assessment may be difficult to obtain, however, options include the Health Ministry of 
the national government, national university/research institutions, and non-government organizations 
such as “Hear the World” or the WHO World Wide Hearing Project.     
 
Stage 2: Conducting the Study 
The recommended work flow on the day of data collection is summarised in Figure 1. 
1. Recruitment of Participants 
On the day of data collection, an announcement will be made by a staff member of the team to parents 
attending the chosen setting.  The announcement will be made at the start of the day, and then at 
regular intervals throughout the day if new parents arrive.  The announcement will introduce the 
members of the assessment team, and then describe the aims of the project and the participant 
requirements.  Attending parents will then be invited to participate in the study.   
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Figure 1. Parental Knowledge and Attitudes to Childhood Hearing Loss and Hearing Services 
Study Work Flow Chart 
 
 
 
 
 
Announcement
• Staff member(s) makes an announcement regarding the 
assessment to attending parents  
• Parents are invited to participate in the assessment
Parent 
Registration
• Parent to sign consent form
• Staff member to complete parental demographic 
information
Questionnaire
• Staff member to administer the questionnaire
Discussion
• Staff member may discuss the results with the parent, 
and answer any questions if required.
Data Handling
• Completed questionnaires given to the team leader
• Team leader to enter results into the assessment 
database
Data analysis
• Data analysis performed by the appropriate staff 
member(s) once data collection is complete
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Parents willing to participate in the study will be shown to a private area that has been allocated for the 
project.  They will be given more detailed information on the study (i.e., Information Sheet), and asked 
to sign the consent form if they are still willing to participate. 
2. Administration of Questionnaire 
a. Demographic information 
The staff member performing the interview will complete the demographic information on the 
questionnaire form as follows: 
• Date of Assessment 
• Location of Assessment  
• Clinician name and signature 
• Participant Name (First and Last Name) 
• Participant Age (in years) 
• Circle Male/Female as appropriate 
Depending on the scope of the assessment, the questionnaire may also include demographic 
information pertaining to: number of children, socio-economic status, parental education history, etc. 
 
b. Questionnaire 
The questionnaire will be administered in a semi-structured interview style.  The staff member will ask 
the questions in the order in which they appear on the questionnaire (i.e., Begin with Question 1, end 
with Question 26).  The staff member may clarify the questions as required in the event of language or 
cultural barriers (e.g., “yellow skin” instead of “jaundice”). 
 The staff member will begin by explaining to the participant that they will be asked a series of 
questions relating to ear and hearing problems in infants and children.  The participants will then be 
instructed to answer these questions with “yes”, “no”, or “not sure”.  The staff member will record the 
participant’s response to each question on the questionnaire form. 
3. Data Handling and Analysis 
All data handling and analysis will be done by the team leader. 
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• All completed questionnaires will be given to the team leader by the other staff member(s), 
• The team leader will review all questionnaires to ensure all items are completed. Where 
information is missing, the team leader will consult the relevant staff member and, if appropriate, 
contact the participant, 
• The team leader will assign a code-identifier to each participant.  This will be entered on the 
“Office Use Only” section of the Consent and Questionnaire forms, and 
• The team leader will enter all data into “Data Entry Spreadsheet Parental Knowledge and 
Attitudes to Childhood Hearing Loss and Hearing Services in [district/country]”  
 
An example of coding strategy for data entry is described in Table 1: Coding Strategy for “Parental 
Knowledge and Attitudes to Childhood Hearing Loss and Hearing Services in the Solomon Islands” 
Assessment. 
Table 1: Coding Strategy for “Parental Knowledge and Attitudes to Childhood Hearing Loss and 
Hearing Services in the Solomon Islands” Assessment. 
Item Description Code 
Participant ID Numeric code in order of participation 1, 2, etc. 
Location Mataniko Child Welfare Clinic (CWC)   1 
Naha CWC 2 
Kukum CWC  3 
Mataniko Outpatient Department (OPD)  4 
Kukum OPD 5 
Male/Female Male 1 
Female 2 
Parent Yes 1 
No 2 
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Yes/No/Unsure Yes   1 
No  2 
Unsure  3 
Interviewer ID Obiga Newton  1 
 Annette Kaspar 2 
 
The team leader will descriptively analyse the data to provide the following information: 
a. Demographic information 
A descriptive analysis will be performed for the total number of participants, and number/proportion of 
mothers/fathers.  The analysis will include age range (mean and standard deviation) for the total 
number of participants, as well as for each subgroup.  If exact age of participants cannot be determined, 
the age of participants may be described in decade subgroups (i.e., 20-29 years, 30-39 years).  Results 
will be presented in tabulated form using a cross-analysis (i.e., age subgroup x mother/father).  An 
example of demographic information analysis is provided in Table 2. 
Table 2. Demographic information for ““Parental Knowledge and Attitudes to Childhood 
Hearing Loss and Hearing Services in the Solomon Islands” Assessment. 
Age 
(years) 
<20yr 20-29yr 30-39yr 40-49yr 50-59yr 60-69yr Total 
Mothers 12 49 33 6 - - 100 
Fathers 0 10 26 7 1 2 50 
Total 12 59 59 13 1 2 150 
 
b. Analysis of variables 
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For each item of the questionnaire, the number of participants answering “Yes”, “No”, or “Unsure” will 
be tallied.  The data will be analysed using Chi-Squared to investigate if there is a significant difference 
in response proportions: 
• Between mothers/ fathers, 
• Between age groups overall, and 
• Between mothers/fathers and age groups. 
Depending on the other demographic information collected, data may be analysed for significant 
difference in response proportions for other variables such as: 
• Geographic location (urban vs rural setting),  
• Socio-economic status (SES) (high vs low SES), or 
• Parental education (completed primary school vs completed secondary school).  
The results will be presented in tabulated form, and any significant findings highlighted.  An example 
is provided in Table 3. Parental Attitudes to Childhood Hearing Services in the Solomon Islands. 
Table 3. Parental Attitudes to Childhood Hearing Services in the Solomon Islands. 
QUESTION YES (%) NO (%) UNSURE (%) 
Mother Father Mother Father Mother Father 
1. I would like my baby tested soon after 
birth 
96 96 2 0 2 4 
2. I would accept OAE hearing screening 
test for my baby 
91 98 6 0 3 2 
3. I would like my child tested at school 99 100 0 0 1 0 
4. I would let my child use hearing aids 93 96 2 2 5 2 
5. I would accept ear surgery for my 
child if required 
62 68 23 14 15 18 
6. I would like more information 98  100 1 0 1 0 
146 
 
 
Stage 3: Publication of Results 
1. Formal publication in a peer-reviewed journal article 
The results of this study may be written as a paper for submission to peer-reviewed journals.  Similar 
studies have been previously published in the International Journal of Audiology and the International 
Journal of Paediatric Otorhinolaryngology.    
2. Formal report to [district/country] Ministry of Health or other relevant authority. 
A formal report of the assessment results should be presented to the [district/country] Ministry of 
Health, and/or other relevant authority/stakeholders who granted approval for the assessment.  The 
report should summarise the key results of the assessment, and include an action plan for health 
education and health promotion activities based on the results. 
3. Summary of results published in local media 
A brief description of the assessment and results, as appropriate, should be presented in a short media 
release.  Collaboration with local Health Promotion Officers (i.e., World Health Organisation, Ministry 
of Health) is recommended to ensure information is appropriate and receives maximum population 
coverage.  The aim of the media release is to increase community awareness of ear and hearing health 
care, and to promote any ear and hearing health promotion activities which have been planned. 
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APPENDIX F: Solomon Islands Infant Ear and Hearing Program: procedures and protocol 
manual 
 
INTRODUCTION 
The World Health Organization recommends that Newborn and Infant Hearing Screening should be the 
goal of all member states (WHO, 2010).  Early identification and intervention for infants with hearing 
loss should reduce the well-known adverse effects of hearing loss on childhood development and social 
well-being.  The Sustainable Development Goal Project offers an opportunity for the implementation of 
Infant Ear and Hearing Programs in the Pacific Islands.   
In 2016-2017, the National Referral Hospital (NRH) Ear Nose and Throat (ENT) Clinic of the Solomon 
Islands collaborated with the University of Queensland Audiology Division in Australia in a research 
project to investigate community-based outreach programs for children with ear disease and hearing 
loss (Kaspar, Kei, Driscoll, Swanepoel, & Goulios, 2016).  The first study examined parental 
knowledge and attitudes to childhood hearing loss and hearing services: the results showed that 94% of 
parents were aware of ear disease as a major cause of hearing loss in children, and that 96% of parents 
supported an ear and hearing program for infants (Kaspar et al., 2017).  A second study was therefore 
conducted to investigate the possibility of an Infant Ear and Hearing Program at routine Child Welfare 
Clinics (CWCs).  The NRH ENT Clinic team visited five of the CWCs in Honiara in August 2017, and 
assessed 288 infants attending the clinic for routine review: results showed that 25.34% of infants 
presented with ear pathology in at least one ear, and 24.65% of infants presented with at least one risk-
factor for sensorineural (permanent) hearing loss (Kaspar et al., 2018). 
Based on the evidence of the two studies described above, it is recommended that the NRH ENT Clinic 
implement an Infant Ear and Hearing Program in Honiara.  The program requires at least one staff 
member of the ENT Clinic to assume the role of Program Manager, and perform regular outreach visits 
to assess infants attending CWCs in Honiara.  The present protocol was written as a preliminary Infant 
Ear and Hearing Program for the NRH ENT Clinic, and should be considered a first step towards 
Newborn and Infant Hearing Screening as described by the World Health Organization.  The present 
protocol should provide a good foundation for future program developments as resources permit. 
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AIMS/OBJECTIVES 
The aim of the present document is to provide a guide to the implementation of an Infant Ear and 
Hearing Program for the NRH ENT Clinic of the Solomon Islands.  It is divided into three sections: 
• Section 1: Planning and preparation for ENT Clinic outreach visits to Child Welfare Clinics in 
Honiara 
• Section 2: Work Flow and Assessment Procedures for ENT Clinic outreach visits to Child 
Welfare Clinics in Honiara 
• Section 3: Recording and reporting of ENT Clinic outreach visits to Child Welfare clinics in 
Honiara 
The present document may also be adapted by other healthcare services in developing countries 
wishing to reduce the burden of ear disease and associated hearing loss among infants and young 
children in their communities.  It is suitable for settings where (1) there is a well-supported routine 
infant healthcare platform, such as Child Welfare Clinics, and (2) formal/sophisticated audiology 
services are non-existent, limited, or evolving. 
SECTION 1: PLANNING AND PREPARATION FOR ENT CLINIC OUTREACH VISITS TO 
CHILD WELFARE CLINICS IN HONIARA 
Approval for the Infant Ear and Hearing Program 
The Head of the ENT Clinic will approach the NRH Management Committee for approval to 
implement the Infant Ear and Hearing Program as part of the routine ENT Clinic outreach service.  
Further approval for the program may be formally required from the Solomon Islands Ministry of 
Health and Medical Services, and the Honiara city Council (Public Health Services). 
Personnel 
(1) Infant Ear and Hearing Program Manager 
It is recommended that one of the senior ENT Clinic Registered Nurses be promoted to the role of 
Infant Ear and Hearing Program Manager.  Their suitability for the role is based on their excellent 
clinical skills and management experience.  Duties will include: 
150 
 
• Responsibility for overall logistics, administration, and management of the Infant Ear and 
Hearing Program, 
• Liaison with the Child Welfare Clinics to arrange ENT Clinic visits, 
• Perform clinical assessment of infants during ENT Clinic visits to Child Welfare Clinics, and 
• Training other NRH ENT Clinic Registered Nurses for participation in the Infant Ear and 
Hearing Program. 
 
(2) NRH ENT Clinic Registered Nurses 
At the discretion of the Head of the ENT Clinic, other ENT Clinic staff members may be trained to 
participate in the outreach visits to the Child Welfare Clinics.  Ideally, all ENT Clinic Registered 
Nurses should be skilled to performed these outreach visits.  To ensure feasibility and sustainability of 
the Infant Ear and Hearing Program, staff participation in the program should cause minimum 
disruption to the staffing requirements of the daily operation of the ENT Clinic Outpatient service. 
(3) NRH Health Promotion Officer 
Collaboration with the NRH Health Promotion Officer is highly encouraged.  Ideally, the NRH Health 
Promotion Officer will accompany the Infant Ear and Hearing Program Manager on outreach visits, 
and provide ear and hearing health education to caregivers attending the clinic.  The NRH Health 
Promotion Officer may also be involved in developing appropriate ear and hearing health promotion 
materials (i.e., pamphlets for parents). 
Written Protocol and Procedures Manual 
A written protocol and procedures manual for the Infant Ear and Hearing Program should be included 
among the documents submitted to the NRH Management Committee for approval for the program.  
The present document was written to satisfy this requirement. 
Logistics and Administration 
The Infant Ear and Hearing Program Manager is responsible for the overall logistics and administration 
of the program.  The present document states the duties required. 
Training of personnel 
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For the Infant Ear and Hearing Program Manager, training may be required on (1) theory and 
administration of the Joint Committee on Infant Hearing Risk-Factor Questionnaire, and (2) 
management of the Infant Ear and Hearing Program.  The training may be provided by the Solomon 
Islander ENT Registered Nurse who participated in the Infant Ear and Hearing Program research study, 
and/or the Australian audiologist who facilitated the research study.   
Should resources permit other ENT Clinic staff members to participate in the outreach visits, the 
Program Manager will provide training to ensure competence in the required clinical assessments and 
administrative procedures.  Ideally, a certificate to recognize additional skills should be awarded to 
staff members who successfully complete training. 
The NRH Health Promotion Officer has previously collaborated with the NRH ENT Clinic for World 
Hearing Day health education activities.  Training may be provided by the Program Manager to the 
Health Promotion Officer on the key ear and hearing health messages that are specifically required for 
caregivers of newborns and infants. 
Equipment and consumables 
The Program Manager will require use of the NRH Outpatient (OPD) ENT Clinic staff computer for 
the planning, preparation, record-keeping and reporting stages of the program.  Suitable arrangements 
should be negotiated with the Head of the ENT Clinic. 
Equipment and consumables that are required on the day of outreach visits to Child Welfare Clinics 
are: 
• Vorotek.  All ear examinations are to be performed using Vorotek equipment, as it is non-
invasive and well-accepted by both parents and infants.  The NRH ENT Clinic currently 
allocates one Vorotek to each ENT Registered Nurse, and the Program Manager and/or other 
staff member would use their allocated Vorotek equipment for CWC outreach visits.  The use of 
Vorotek equipment for outreach visits should not impact the daily NRH ENT Clinic service, as 
sufficient numbers of Vorotek equipment remain at the NRH ENT Clinic for use by staff 
members. 
• Medication Kit.  Medications that are routinely administered to infants in the NRH ENT Clinic 
should be included in the Medication Kit that is brought to CWC outreach visits.  
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• Attendance Record Book.  A dedicated Attendance Record Book for CWC outreach visits is 
required.  Each visit should record the location of the CWC and the date.  Record-keeping 
should follow current NRH ENT clinic protocol: patient name, age, sex, address, contact 
number of caregiver, diagnosis, and management plan.    
• Laminated JCIH Risk-Factor Questionnaire  
• Laminated Work-flow Chart 
• Pens 
Please note that there are minimal consumables required, which should positively impact on budget 
considerations.  Regular care and maintenance of Vorotek equipment is already included in the ENT 
Clinic budget. 
Quality Control 
The Infant Ear and Hearing Program Manager is responsible for quality control of the program.  This 
includes, but is not limited to: 
• Regular review of the present protocol and procedures manual, and implementing modifications 
as required, 
• Regular performance review of other ENT Clinic staff members participating in CWC outreach 
visits, to ensure on-going skill and competence of all tasks, and to provide additional training 
and support if required, 
• Regular meetings with CWC Nurse Managers to address any issues arising from the Infant Ear 
and Hearing Program, and to discuss areas for improvement, and 
• Regular meetings with NRH Management Committee, to provide updates on the progress of the 
program. 
Budget 
Staff salaries should reflect additional responsibility and skills of ENT Clinic Registered Nurses.  
Travel allowance should be included as part of the outreach service.  For ENT Clinic staff members 
with own transport, an appropriate travel allowance may be negotiated. 
There are no additional equipment or consumables costs beyond routine NRH ENT Clinic service.  
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SECTION 2:  WORK FLOW AND ASSESSMENT PROCEDURES FOR ENT CLINIC 
OUTREACH VISITS TO CHILD WELFARE CLINICS IN HONIARA 
Arrangements to be made prior to outreach visit 
The Infant Ear and Hearing Program Manager will contact the Director of the Child Welfare Clinic 
(CWC) that is scheduled for an outreach visit.  A face-to-face meeting may be beneficial prior to the 
first outreach visit to a CWC, in order to clarify and discuss optimal arrangements for the visit (ie., 
table/space allocation, order of ear/hearing check in routine CWC work flow, etc…).  A date will be 
confirmed with the Director of the CWC for the ENT Clinic outreach visit. 
Work Flow Chart 
The following Work Flow Chart describes the procedures to be performed by the ENT Clinic staff 
member on the day of the outreach visit.  The staff member is an ENT Clinic Registered Nurse, and 
may also be the Infant Ear and Hearing Program Manager in the initial stages of the program. 
 
Infant 
Registration
• ENT Nurse records infant name, age, sex, address, and caregiver 
contact details in Attendance Record Book.
JCIH 
Questionnaire
• ENT Nurse administers the JCIH Questionnaire to the caregiver 
atttending with the infant
Ear 
Examination
• ENT Nurse performs ear examination for both ears of the infant
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Assessment Procedure 
Infant Registration 
The ENT Clinic Nurse will call infants in the order that their Child Health Record book is placed for 
review.  After welcoming the caregiver and explaining the ear/hearing assessment, the ENT Clinic 
Nurse will record the infant name, age, sex, address, and caregiver contact details in the Attendance 
Record Book. 
JCIH Risk-factor Questionnaire for Hearing Loss 
The JCIH Risk-Factor Questionnaire for Hearing Loss will be administered.  The ENT Clinic Nurse 
will ask all items on the questionnaire, commencing at Question 1 and ending at Question 14.  The 
caregiver will be asked to respond with “Yes”, “No”, or “Unsure”.  The Child Health Record book 
should provide information relating to cranio-facial anomalies, syndromes associated with hearing loss, 
prematurity/low birthweight, birth asphyxia and/or Apgar score 0-6 at 5 minutes, mechanical 
ventilation lasting 5 days or more, ototoxic medication, bacterial meningitis, hyperbilirubinemia, and 
undernutrition.  All other items required parental report. 
Medical 
intervention
• ENT Nurse administers any medication intervention if required
Results and 
Recommendatios
• Results and recommendations are discussed with the caregiver
• Results and recommendations are recorded in the infant's Child 
Health Record
Record-Keeping
• Diagnosis and management plan are recorded in the Attendance 
Rcord Book
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Even though information is available in the Child Health Record book, it is recommended that parents 
be asked each question to verify that parental report and recorded information is consistent. 
Ear Examination 
The ENT Registered Nurse will perform an ear examination of both ears of the infant, including 
inspection of the auricle, external ear canal, and tympanic membrane. 
An overall diagnosis for each ear is made as per routine ENT Clinic protocols: 
• No abnormalities detected: NAD 
• Acute Otitis Media: AOM 
• Chronic Suppurative Otitis Media: CSOM 
• Dry Tympanic Membrane Perforation: Dry TM Perf 
• Otitis Media with Effusion: OME 
• Eustachian Tube Dysfunction: ETD 
• Impacted Cerumen 
• Could not assess 
Medical Intervention 
For infants requiring medical intervention, the ENT Clinic Nurse will administer medication as per 
ENT Clinic protocols: 
• AOM: Amoxycillin antibiotics 
• CSOM: dry mopping and topical ciprofloxacin eardrops 
Other common infant ear pathologies do not generally require drug therapy, however, ENT Clinic 
review may be recommended if necessary. 
Results and Recommendations 
The results and recommendations will be communicated to the caregiver, and recorded in the infant’s 
Child Health Record book. 
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• For infants with no risk-factors for sensorineural (permanent) hearing loss and no abnormalities 
on ear examination, routine CWC review is recommended. 
• For infants with one or more risk-factors for sensorineural (permanent) hearing loss, monitoring 
of speech and language milestones is recommended.  Referral to Community-Based 
Rehabilitation Worker may be recommended if the caregiver already expresses concerns 
regarding the infant’s hearing. 
• For infants diagnosed with ear pathology, review and recommendations follow routine ENT 
Clinic protocols. 
Examples for recording result in Child Health Record Book: 
Example 1: 
Infant Ear and Hearing Program 
Normal ear examination for both ears, and no risk-factors for permanent hearing loss identified.   
Plan: Routine CWC. 
 
Example 2: 
Infant Ear and Hearing Program 
Risk-factor for permanent hearing loss: family history 
Normal ear examination for both ears. 
Plan: Monitor speech and language milestones by CWC. 
 
Example 3: 
Infant Ear and Hearing Program 
No risk-factors for permanent hearing loss identified. 
Ear examination: R-CSOM, L-NAD.  Dry mopping and Cipro ear drops for R ear. 
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Plan: Review at NRH OPD ENT Clinic 5/1/2017 
 
Example 4: 
Infant Ear and Hearing Program 
Risk-factors for permanent hearing loss: in-utero infection, maternal hypertension 
Ear examination: OME both ears 
Plan: Advised to keep nose clean and dry; monitor speech and language milestones by CWC. 
 
Record-keeping 
Infant final diagnosis and management plan entered into the Attendance Record Book.  Routine 
abbreviations may be used. 
Health Promotion  
Should the NRH Health Promotion Officer be available to attend during the ENT Clinic outreach visit, 
ear and hearing health education may be provided to caregivers as they are awaiting their CWC 
appointments. 
SECTION 3: RECORDING AND REPORTING OF ENT CLINIC OUTREACH VISIT TO 
CHILD WELFARE CLINICS IN HONIARA 
Data entry 
Following the CWC outreach visit, the Program Manager will transcribe information from the 
Attendance Record Book to an Excel spreadsheet.  A separate spreadsheet for each visit is 
recommended: spreadsheets may then be combined, depending on reporting requirements (i.e., 
monthly/quarterly/annual, overall CWCs/specific CWC, etc…). 
Additional columns are recommended for the Excel spreadsheet to facilitate ease of data analysis for 
demographic information, JCIH risk-factors, and ear examination results for each ear.  A suggested 
coding strategy is given in Table 1. 
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Table 1. Coding Strategy for Infant Ear and Hearing Program 
Description Code 
Sex-Male 1 
Sex-Female 2 
Age Category – 0-6 months 1 
Age Category- 6-12 months 2 
Age Category – 12 months + 3 
Family history RF1 
Cranio-facial anomalies RF2 
Syndromes associated with hearing loss RF3 
In-utero infection (Rubella, CMV, syphilis, 
toxoplasmosis, herpes) 
RF4 
Prematurity (<34 weeks) / low birthweight (1500g) RF5 
Birth asphyxia and/or Apgar score 0-6 at 5 minutes RF6 
Mechanical ventilation lasting 5 days or more RF7 
Ototoxic medication RF8 
Bacterial meningitis RF9 
Hyperbilirubinemia requiring exchange blood 
transfusion 
RF10 
Maternal hypertensive disorders in pregnancy RF11 
Non-elective caesarean delivery RF12 
Unskilled attendant at delivery RF13 
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Undernutrition  RF14 
 Questionnaire Response-Yes  1 
Questionnaire Response -No 2 
Questionnaire Response -Unknown 3 
Ear Examination- NAD 1 
Ear Examination – AOM 2 
Ear examination – CSOM 3 
Ear examination – Dry TM Perforation 4 
Ear examination – OME 5 
Ear examination – ETD 6 
Ear examination – Impacted cerumen 7 
Ear examination – could not assess 8 
 
Reporting 
The Infant Ear and Hearing Program Manager should discuss reporting requirements with the NRH 
Management Committee.  A possible reporting schedule may include monthly/quarterly/annual reports 
of overall program. 
An individual report for each Child Welfare Clinic (CWC) included in the program is also 
recommended, and should be sent to both the NRH Management Committee, and the Director of the 
participating CWC. 
The minimum information that should be included in each report is: 
• Number of infants assessed 
• Number of male/female infants 
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• Number of infants with normal ear examinations for both ears and no risk-factors for 
sensorineural (permanent) hearing loss 
• Number of infants with ear pathology in at least one ear 
• Number of infants with at least one risk-factor for sensorineural (permanent) hearing loss 
• Number of infants referred to the ENT Clinic for further review 
Health Promotion 
The Infant Ear and Hearing Program Manager should collaborate with the NRH Health Promotion 
Officer to draft press releases regarding the program.  Press releases should highlight key messages 
regarding prevention, early detection, and early treatment for ear disease among infants and children. 
REFERENCES 
 Kaspar, A., Kei, J., Driscoll, C., Swanepoel, D. W., & Goulios, H. (2016). Overview of a public health 
approach to pediatric hearing impairment in the Pacific Islands. International Journal of Pediatric 
Otorhinolaryngology, 86, 43-52. doi:10.1016/j.ijporl.2016.04.018 
Kaspar, A., Newton, O., Kei, J., Driscoll, C., Swanepoel, D. W., & Goulios, H. (2017). Parental 
knowledge and attitudes to childhood hearing loss and hearing services in the Solomon Islands. 
International Journal of Pediatric Otorhinolaryngology, 103, 87-92. doi:10.1016/j.ijporl.2017.10.003 
Kaspar, A., Newton, O., Kei, J., Driscoll, C., Swanepoel, D. W., & Goulios, H. (2018). Prevalence of 
otitis media and risk-factors for sensorineural hearing loss among infants attending Child Welfare 
Clinics in the Solomon Islands. International Journal of Pediatric Otorhinolaryngology, 111, 21-25. 
doi:10.1016/j.ijporl.2018.05.021  
WHO. (2010). Newborn and infant hearing screening.  Current issues and guiding principles for action. 
Retrieved from 
https://www.who.int/blindness/publications/Newborn_and_Infant_Hearing_Screening_Report.pdf?ua=
1 
  
 
 
161 
 
APPENDIX G: Solomon Islands School Ear and Hearing Program: procedures and protocol 
manual 
 
INTRODUCTION 
The World Health Organization recommends that School Hearing Screening Programs should be 
implemented in all member states (WHO, 2016).  Early identification and intervention for children with 
hearing loss should reduce the well-known adverse effects of hearing loss on childhood development 
and social well-being.  The Sustainable Development Goal Project offers an opportunity for the 
implementation of School Ear and Hearing Programs in the Pacific Islands.   
In 2016-2017, the National Referral Hospital (NRH) Ear Nose and Throat (ENT) Clinic of the Solomon 
Islands collaborated with the University of Queensland Audiology Division in Australia in a research 
project to investigate community-based outreach programs for children with ear disease and hearing 
loss (Kaspar, Kei, Driscoll, Swanepoel, & Goulios, 2016).  The first study examined parental 
knowledge and attitudes to childhood hearing loss and hearing services: the results showed that 94% of 
parents were aware of ear disease as a major cause of hearing loss in children, and that 99.3% of 
parents would support school-based ear and hearing programs (Kaspar et al., 2017).  A second study 
was therefore conducted to investigate the possibility of a School Ear and Hearing Program for primary 
schools in Honiara.  The NRH ENT Clinic team visited two primary schools in Honiara over March-
July 2017, and assessed 621 primary school students.  Results showed that 56.6% of students did not 
pass their ear examination, and that 81.14% of these students attended the NRH ENT Clinic for review 
and treatment of their condition (Kaspar et al., 2018). 
Based on the evidence of the two studies described above, it is recommended that the NRH ENT Clinic 
implement a School Ear and Hearing Program in Honiara.  Ear disease is significant among primary 
school students, and there is excellent support and engagement with the NRH ENT Clinic service to 
treat and manage identified ear disease.  The program requires at least one staff member of the ENT 
Clinic to assume the role of Program Manager, and perform regular outreach visits to primary schools 
in Honiara.  The present protocol was written as a preliminary School Ear and Hearing Program for the 
NRH ENT Clinic, and should be considered a first step towards School Hearing Screening programs as 
described by the World Health Organization.  The present protocol should provide a good foundation 
for future program developments as resources permit. 
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AIMS/OBJECTIVES 
The aim of the present document is to provide a guide to the implementation of a School Ear and 
Hearing Program for the NRH ENT Clinic of the Solomon Islands.  It is divided into three sections: 
• Section 1: Planning and preparation for ENT Clinic outreach visits to primary schools in 
Honiara 
• Section 2: Work Flow and Assessment Procedures for ENT Clinic outreach visits to primary 
schools in Honiara 
• Section 3: Recording and reporting of ENT Clinic outreach visits to primary schools in Honiara 
The present document may also be adapted by other healthcare services in developing countries 
wishing to reduce the burden of ear disease and associated hearing loss among children in their 
communities.  It is suitable for settings where (1) there is existing infrastructure and support for school-
based health checks, and (2) formal/sophisticated audiology services are non-existent, limited, or 
evolving. 
SECTION 1: PLANNING AND PREPARATION FOR ENT CLINIC OUTREACH VISITS TO 
PRIMARY SCHOOLS IN HONIARA 
Approval for the School Ear and Hearing Program 
The Head of the ENT Clinic will approach the NRH Management Committee for approval to 
implement the School Ear and Hearing Program as part of the routine ENT Clinic outreach service.  
Further approval for the program may be formally required from the Solomon Islands Ministry of 
Health and Medical Services, and the Solomon Islands Ministry of Education and Human Resource 
Development. 
Personnel 
(4) School Ear and Hearing Program Manager 
It is recommended that one of the senior ENT Clinic Registered Nurses be promoted to the role of 
School Ear and Hearing Program Manager.  Their suitability for the role is based on their excellent 
clinical skills and management experience.  Duties will include: 
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• Responsibility for overall logistics, administration, and management of the School Ear and 
Hearing Program, 
• Liaison with the primary schools to arrange ENT Clinic visits, 
• Perform clinical assessment of students during ENT Clinic visits to primary schools, and 
• Training other NRH ENT Clinic Registered Nurses for participation in the School Ear and 
Hearing Program. 
 
(5) NRH ENT Clinic Registered Nurses 
At the discretion of the Head of the ENT Clinic, other ENT Clinic staff members may be trained to 
participate in the outreach visits to the primary schools.  Ideally, all ENT Clinic Registered Nurses 
should be skilled to performed these outreach visits.  To ensure feasibility and sustainability of the 
School Ear and Hearing Program, staff participation in the program should cause minimum disruption 
to the staffing requirements of the daily operation of the ENT Clinic Outpatient service. 
(6) NRH Health Promotion Officer 
Collaboration with the NRH Health Promotion Officer is highly encouraged.  Ideally, the NRH Health 
Promotion Officer will accompany the School Ear and Hearing Program Manager on outreach visits, 
and provide ear and hearing health education to classrooms before/after their ear health check as 
suitable.  Alternatively, the NRH Health Promotion Officer may organize a separate visit to give an ear 
and hearing health education talk during a school assembly.  The NRH Health Promotion Officer may 
also be involved in developing appropriate ear and hearing health promotion materials (i.e., school 
posters). 
Written Protocol and Procedures Manual 
A written protocol and procedures manual for the School Ear and Hearing Program should be included 
among the documents submitted to the NRH Management Committee for approval for the program.  
The present document was written to satisfy this requirement. 
Logistics and Administration 
The School Ear and Hearing Program Manager is responsible for the overall logistics and 
administration of the program.  The present document states the duties required. 
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Training of personnel 
For the School Ear and Hearing Program Manager, additional training may be required on program 
management skills such as data management, analysis, and reporting.  The training may be provided by 
the Solomon Islander ENT Registered Nurse who participated in the School Ear and Hearing Program 
research study, and/or the Australian audiologist who facilitated the research study.   
Should resources permit other ENT Clinic staff members to participate in the outreach visits, the 
Program Manager will provide training to ensure competence in the required clinical assessments and 
administrative procedures.  Ideally, a certificate to recognize additional skills should be awarded to 
staff members who successfully complete training. 
The NRH Health Promotion Officer has previously collaborated with the NRH ENT Clinic for World 
Hearing Day health education activities.  Training may be provided by the Program Manager to the 
Health Promotion Officer on the key ear and hearing health messages that are specific to primary 
school-age students and adolescents. 
Equipment and consumables 
The Program Manager will require use of the NRH Outpatient (OPD) ENT Clinic staff computer for 
the planning, preparation, record-keeping and reporting stages of the program.  Suitable arrangements 
should be negotiated with the Head of the ENT Clinic. 
Consumables that are required prior to the day of outreach visits to primary schools are Parent 
Information and Consent Forms.  An envelope for each form is desirable, as experience shows it keeps 
forms neat and tidy, and the same envelope can then be used to send the ear examination results safely 
back to parents. 
Equipment and consumables that are required on the day of outreach visits to primary schools are: 
• Vorotek.  All ear examinations are to be performed using Vorotek equipment, as it is non-
invasive and well-accepted by primary school students.  The NRH ENT Clinic currently 
allocates one Vorotek to each ENT Registered Nurse, and the Program Manager and/or other 
staff member would use their allocated Vorotek equipment for primary school outreach visits.  
The use of Vorotek equipment for outreach visits should not impact the daily NRH ENT Clinic 
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service, as sufficient numbers of Vorotek equipment remain at the NRH ENT Clinic for use by 
staff members. 
• ENT Clinic Kit.  This should include a tuning fork for Rhinne and Weber tests, tool(s) for 
simple cerumen removal, a clean toilet paper for dry mopping of otorrhoea. 
• Attendance Record Book.  A dedicated Attendance Record Book for primary school visits is 
required.  Each visit should record the location (primary school name) and the date.  Record-
keeping should follow current NRH ENT clinic protocol: patient name, age, sex, diagnosis, and 
management plan.  N.B. ‘address’ and ‘caregiver contact details’ may be omitted as ENT Clinic 
may contact the school if required. 
• Laminated Work-flow Chart 
• Folder with sufficient copies of “School Ear and Hearing Program Results Form” for parents 
• Extra Parent Information and Consent Forms   
• Pens 
Please note that the Parent Information and Consent Form is one back-to-back A4 page to minimize the 
cost of consumables.  Regular care and maintenance of Vorotek equipment is already included in the 
ENT Clinic budget. 
Quality Control 
The School Ear and Hearing Program Manager is responsible for quality control of the program.  This 
includes, but is not limited to: 
• Regular review of the present protocol and procedures manual, and implementing modifications 
as required, 
• Regular performance review of other ENT Clinic staff members participating in primary school 
outreach visits, to ensure on-going skill and competence of all tasks, and to provide additional 
training and support if required, 
• Meetings with primary school headmaster/headmistress to address any issues arising from the 
School Ear and Hearing Program, and to discuss areas for improvement, and 
• Regular meetings with NRH Management Committee, to provide updates on the progress of the 
program. 
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Budget 
Staff salaries should reflect additional responsibility and skills of ENT Clinic Registered Nurses.  
Travel allowance should be included as part of the outreach service.  For ENT Clinic staff members 
with own transport, an appropriate travel allowance may be negotiated. 
The Parent Information and Consent Forms (+/- envelopes) are the only significant additional 
consumable cost beyond the routine NRH ENT Clinic service.  
SECTION 2:  WORK FLOW AND ASSESSMENT PROCEDURES FOR ENT CLINIC 
OUTREACH VISITS TO PRIMARY SCHOOLS IN HONIARA 
Arrangements to be made prior to outreach visit 
The School Ear and Hearing Program Manager will contact the Headmaster/Headmistress of the 
primary school that is scheduled for an outreach visit.  A face-to-face meeting is required prior to the 
first outreach visit, in order to deliver Parent Information and Consent Forms, and to discuss optimal 
arrangements for the visit (ie., table/space allocation, order of class/students to be seen, etc…).  A date 
will be confirmed with the Headmaster/Headmistress for the ENT Clinic outreach visit. 
Work Flow Chart 
The following Work Flow Chart describes the procedures to be performed by the ENT Clinic staff 
member on the day of the outreach visit.  The staff member is an ENT Clinic Registered Nurse, and 
may also be the School Ear and Hearing Program Manager in the initial stages of the program. 
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Parental 
Consent
• ENT Nurse ensures  student attends with signed Parent 
Information and Consent Form
Student 
Registration
• ENT Nurse records student name, age, and sex in Attendance 
Record Book.
Ear 
Examination
• ENT Nurse performs ear examination for both ears of the student
• ENT Nurse performs Tuning Fork tests for both ears of the 
student
ENT Intervention
• ENT Nurse administers any non-medicinal ENT intervention if required 
(cerumen removal, dry mopping)
Results and 
Recommendatios
• Results and recommendations are briefly discussed with the student
• School Ear and Hearing Program Results Form is completed and given 
to student
Record-Keeping
• Diagnosis and management plan are recorded in the Attendance Rcord 
Book
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Assessment Procedure 
Parental Consent 
The ENT Clinic Nurse will obtain the signed Parent Information and Consent Form from the student.  
ASSESSMENT CANNOT PROCEED IF PARENTAL CONSENT HAS NOT BEEN PROVIDED. 
Student Registration 
After calling the student and welcoming them for the ear/hearing assessment, the ENT Clinic Nurse 
will record the student name, age, and sex in the Attendance Record Book. 
Ear Examination 
The ENT Registered Nurse will perform an ear examination of both ears of the student, including 
inspection of the auricle, external ear canal, and tympanic membrane. 
An overall diagnosis for each ear is made as per routine ENT Clinic protocols: 
• No abnormalities detected: NAD 
• Acute Otitis Media: AOM 
• Chronic Suppurative Otitis Media: CSOM 
• Dry Tympanic Membrane Perforation: Dry TM Perf 
• Otitis Media with Effusion: OME 
• Eustachian Tube Dysfunction: ETD 
• Impacted Cerumen 
• Foreign Body 
• Fungal Otitis Externa 
• Could not assess 
The Rhinne and Weber tuning fork tests will also be performed, and an overall diagnosis provided as 
per the routine ENT Clinic protocols. 
Non-medical ENT Intervention 
For students requiring non-medical ENT intervention, the ENT Clinic Nurse will perform the 
procedure (cerumen removal, dry mopping of otorrhoea) with the student’s consent. 
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Results and Recommendations 
The results and recommendations will be communicated to the student, and recorded on the School Ear 
and Hearing Program Examination Results Form. 
• For students with normal ear examination and tuning fork test results for both ears, a “Pass” 
result is recorded.  
• For students where successful cerumen/foreign body removal was performed, and no other 
abnormalities detected, a “Pass” result is recorded with the comment “earwax/foreign body 
removed”.  
• For students with ear pathology and/or reported hearing difficulties, a “Refer” result is 
recorded, and the student is scheduled for review at the NRH ENT Clinic on the following day.  
An additional comment should be provided regarding the nature of the ear pathology and reason 
for review (i.e., hard earwax needs removal, ear infection needs medicine, etc…).  Audiology 
assessment and/or ENT medical intervention will then be performed as per routine NRH ENT 
Clinic protocols. 
  
Record-keeping 
Student final diagnosis and management plan entered into the Attendance Record Book.  Routine 
abbreviations may be used. 
Health Promotion  
Should the NRH Health Promotion Officer be available to attend during the ENT Clinic outreach visit, 
ear and hearing health education may be provided to classrooms before/after their assessments as 
suitable.  Alternatively, the NRH Health Promotion Officer may organize a separate visit to provide ear 
and hearing health education during a school assembly. 
SECTION 3: RECORDING AND REPORTING OF ENT CLINIC OUTREACH VISITS TO 
PRIMARY SCHOOLS IN HONIARA 
Data entry 
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Following the primary school outreach visit, the Program Manager will transcribe information from the 
Attendance Record Book to an Excel spreadsheet.  A separate spreadsheet for each visit is 
recommended: spreadsheets may then be combined, depending on reporting requirements (i.e., 
monthly/quarterly/annual, overall primary schools/specific primary school, etc…). 
Additional columns are recommended for the Excel spreadsheet to facilitate ease of data analysis for 
demographic information, ear examination results for each ear, and management plan for each student.  
A suggested coding strategy is given in Table 1. 
Table 1. Coding Strategy for Infant Ear and Hearing Program 
Description Code 
Sex-Male 1 
Sex-Female 2 
Age Category – 4-9 years 1 
Age Category- 10-15 years 2 
Age Category – 15+ 3 
Ear Examination- NAD 1 
Ear Examination – AOM 2 
Ear examination – CSOM 3 
Ear examination – Dry TM Perforation 4 
Ear examination – OME 5 
Ear examination – ETD 6 
Ear examination – Impacted cerumen removed 7 
Ear examination – Impacted cerumen could not be 
removed 
8 
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Ear examination- Foreign body removed 9 
Ear examination – Foreign body could not be removed 10 
Ear examination – Fungal Otitis Externa 11 
Ear examination – Other pathology 12 
Ear examination – could not assess 13 
Rhinne positive 1 
Rhinne negative 2 
Management plan – no further action 1 
Management plan- no further action because non-
medical procedure successfully performed at school 
2 
Management plan- referred to NRH ENT Clinic for 
review 
3 
 
Reporting 
The School Ear and Hearing Program Manager should discuss reporting requirements with the NRH 
Management Committee.  A possible reporting schedule may include monthly/quarterly/annual reports 
of overall program. 
An individual report for each primary school included in the program is also recommended, and should 
be sent to both the NRH Management Committee, and the Headmaster/Headmistress of the 
participating primary school. 
The minimum information that should be included in each report is: 
• Number of students assessed 
• Number of male/female students 
• Number of students with normal ear examinations for both ears  
• Number of students with ear pathology in at least one ear 
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• Number of students referred to the NRH ENT Clinic for further review 
• Number of students who attended their NRH ENT Clinic review 
 
Health Promotion 
The School Ear and Hearing Program Manager should collaborate with the NRH Health Promotion 
Officer to draft press releases regarding the program.  Press releases should highlight key messages 
regarding prevention, early detection, and early treatment for ear disease among children. 
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